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Krzysztof Majcher
S04.c - Wednesday, March 09, 08:30 - 09:30 449
449 Notes on a novel finite element for anisotropy at large strains
Nils Viebahn, Jörg Schröder, Peter Wriggers, Daniel Balzani
451 p-version finite elements and finite cells for finite strain J2 plasticity problems
Aliakbar Taghipour, Jamshid Parvizian, Stephan Heinze, Alexander Düster
453 Comparison of different least-squares mixed finite element formulations for hyperelasticity
Alexander Schwarz, Karl Steeger, Maximilian Igelbüscher, Jörg Schröder
S04.d - Wednesday, March 09, 14:30 - 15:30 455
455 An approach to image-based stress analysis using the scaled boundary finite element method
Carolin Birk, Chongmin Song, Albert A. Saputra
457 Solids in boundary representation - a NURBS based Galerkin formulation
Sven Klinkel, Lin Chen, Bernd Simeon
459 Isogeometric phase-field modeling of brittle fracture in thin shells
Josef Kiendl, Marreddy Ambati, Laura de Lorenzis, Alessandro Reali, Hector Gomez
S04.e1 - Wednesday, March 09, 16:00 - 18:00 461
461 Rotation-free Shear Deformable Isogeometric Shell Finite Elements
Bastian Oesterle, Ekkehard Ramm, Manfred Bischoff
463 Patch coupling with the isogeometric dual mortar approach
Wolfgang Dornisch, Ralf Müller
465 Isogeometric Reissner-Mindlin shell analysis - employing different control meshes for displacements and rota-
tions
Georgia Kikis, Sven Klinkel
467 Efficient numerical integration of arbitrarily broken cells using the moment fitting approach
Simeon Hubrich, Meysam Joulaian, Paolo Di Stolfo, Andreas Schröder, Alexander Düster
469 Thermodynamically consistent integration of coupled thermoelastic systems
Mark Schiebl, Peter Betsch, Christian Hesch
471 Reduced integration scheme applied in discontinuous Galerkin (dG) method
Hamid Reza Bayat
S04.e2 - Wednesday, March 09, 16:00 - 18:00 473
473 Simulation of Stiffness Analysis of Rubber Material Applied in Resilient Wheel
Le Zhang, Bernd Markert
475 Solving the linear inhomogeneous differential equation in the simulation model of passenger car tire
Pavel Sarkisov, Günther Prokop, Jörg Wensch
477 Wear Simulation of a Disc Brake
Abdelkrim Lamjahdy, Ali Malik, Bernd Markert
479 Specimen design for high precision tension-compression tests
Lars Kanzenbach, Christoph Naumann, Jörn Ihlemann
481 Finite element and simplified analytical calculation of an underwater glider-ship collision
Sven Drücker, Dirk Steglich, Lucas Merckelbach, Albert Werner, Swantje Bargmann
483 Numerical analysis of reinforced concrete structures with particular focus on bond behaviour
Timo Stein, Ursula Kowalsky, Dieter Dinkler
S04.f - Thursday, March 10, 08:30 - 09:30 485
485 Geometrically exact beam theory for finite deformations
Christian Hesch, Simon Eugster, Antonio Gil
487 Efficient nonlinear reanalysis for structural modifications
Daniel Materna
489 A variational approach to modelling and optimization of viscoelastic structure motions
Georgy Kostin
S04.g - Thursday, March 10, 13:30 - 15:30 491
491 Aspects of Growth-induced Instabilities in thin Films via a Multi-Layer Model
Ali Javili, Emma Lejeune, Berkin Dortdivanlioglu, Christian Linder
493 Influence of undulations on the thermo-mechanical behavior of thin film-substrate systems
Melanie Todt, Matthias Bartosik, Helmut Böhm, Franz G. Rammerstorfer, Paul H. Mayrhofer
495 The stresses in single lap joints with a functionally graded adhesive bondline: an efficient modelling approach
Houman Mardani, Nicolas Stein, Wilfried Becker
497 Interface finite elements within a three dimensional frictional contact formulation with an elastoplastic material
law for the tangential interaction
Georgios Michaloudis, Alexander Konyukhov, Norbert Gebbeken
499 Post-critical behaviour of delaminated composites
Anton Köllner, Christina Völlmecke
501 On the acoustics of sonic composites
Iulian Girip
S04.h - Thursday, March 10, 17:00 - 19:30 503
503 Analysis of boundary layer effects in laminated glasses and photovoltaic panels with a user-defined finite element
Johanna Eisenträger, Konstantin Naumenko, Holm Altenbach
505 Layer-wise theory and finite elements for laminated poroelastic shells
Michael Gfrerer, Martin Schanz
507 On the Performance of the Hellinger-Reissner Finite Element Formulations for Elasto-Plasticity at Small Strains
Maximilian Igelbüscher, Jörg Schröder, Alexander Schwarz
509 On a-priori error estimates for consistent, refined theories for thin structures
Patrick Schneider, Reinhold Kienzler
511 Optimization of the Orientation of Axes of Orthotropy in Shell Constructions made of Orthotropic Materials
Heinz Zorn, Volker Schulz
513 Thermally loaded thick-walled cylindrically curved aluminum/steel-FGM-panel
Mehmet Haskul, Eray Arslan, Werner Mack
515 Vibrations of a beam-string complex system under a moving force
Jarosław Rusin
S04.i - Friday, March 11, 08:30 - 09:30 517
517 Eigenpath Analysis of Rotating Mechanical Systems based on ALE-Formulation
Tim Weidauer, Kai Willner
519 PC expansion for material parameters using artificial data and statistical methods
Ismail Caylak, Nicole Nörenberg, Rolf Mahnken
521 A Nonlinear Deterministic Mode Decomposition Strategy for High-Dimensional Monte Carlo Simulations
Franz Bamer, Bernd Markert
S05.a - Tuesday, March 08, 08:30 - 09:30 523
523 Hopf-Takens-Bogdanov interaction for a fluid-conveying tube
Alois Steindl
525 On the asymptotic behavior of solutions of nonlinear systems with multiple imaginary eigenvalues
Victoria Grushkovskaya
527 Extending the classification of devices in single-degree-of-freedom vibrating systems
Andreas Franze
S05.c - Wednesday, March 09, 08:30 - 09:30 529
529 A Self-Resonant System - Modeling and Theoretical Investigations
Malte Krack, Noha Aboulfotoh, Jens Twiefel, Jörg Wallaschek
531 A Self-Resonant System - Experimental Investigations of Boundary and Operating Conditions
Noha Aboulfotoh, Malte Krack, Jens Twiefel, Jörg Wallaschek
533 On the piezotronics and tactile sensing virtual simulation
Veturia Chiroiu
S05.d - Wednesday, March 09, 14:30 - 15:30 535
535 Dynamics of a rotor partially filled with a viscous incompressible fluid
Dominik Kern, Georg Jehle
537 Synchronization effects in rotors partly filled with fluid
Tobias Keisenberg, Georg-Peter Ostermeyer
539 Stability and bifurcations of steady-states of synchronous electric machinery considering different load cases and
saturation
Felix Boy, Hartmut Hetzler
S05.e - Wednesday, March 09, 16:00 - 18:00 541
541 Conditions for the existence and stability of the regime of type 0/1 for an excited unbalanced rotor
René Bartkowiak
543 On the Sommerfeld effect in the system with the self-balancing device
Olga Drozdetskaya, Alexander Fidlin
545 Vibrations of rotors supported on nonlinear bearings
Mathias Mair, Stefan Haas, Katrin Ellermann
547 Approximation of quasi-periodic solutions of a rotor in two-lobe bearings with time-varying bearing geometry
Kai Becker, Wolfgang Seemann
549 Bifurcation behaviour and limit cycles of a compliant seal-rotor system
Simon Bäuerle, Hartmut Hetzler
551 Sensitivity of Computational Rotor Dynamics Towards the Empirically Estimated Lubrication Gap Clearance of
Foil Air Journal Bearings
Tim Leister, Christoph Baum, Wolfgang Seemann
S05.f - Thursday, March 10, 08:30 - 09:30 553
553 On the refined modeling of the force distribution in a bistable magnetoelastic energy harvesting system due to a
magnetic field
Max-Uwe Noll, Lukas Lentz
555 On the influence of a second modal function in the discretization of a bistable magnetoelastic energy harvesting
system
Lukas Lentz
557 Numerical analysis of the vertically excited pendulum with unilateral constraint
Ulrike Zwiers
S05.g - Thursday, March 10, 13:30 - 15:30 559
559 An extended LuGre friction model incorporating frictional aging
Viktor Krasmik, Josef Schlattmann
561 A Pin-on-Disk Experimental Set-up for Vibrational Smoothing of Dry Friction
Simon Kapelke, Wolfgang Seemann
563 Untersuchung reibungserregter Schwingungen an Dichtungen
Matthias Kröger, Christian Berndt
565 On the impact of the lamella’s elasticity on self-excited vibrations in shift gearboxes
Georg Jehle, Alexander Fidlin
567 Experimental and theoretical investigation of creep groan of brakes through minimal models
Xingwei Zhao, Gräbner Nils, Utz von Wagner
569 Modeling of Friction-Induced Vibrations during Tightening of Bolted Joints
Nicolaj Baramsky, Arthur Seibel, Josef Schlattmann
S05.h - Thursday, March 10, 17:00 - 19:00 571
571 Grenzen numerischer und experimenteller Modelluntersuchungen am Beispiel Regen-Wind induzierter Schwingun-
gen
Christian Seidel, Dieter Dinkler
573 Selected issue of experimental research of cables vibration reduction of a scaled model bridge
Wojciech Pakos
575 A minimal model for a variable displacement vane pump
Marius Koester, Alexander Fidlin, Simon Schroeders
577 Variational integration in endochronic theory for small strain elastoplastodynamics
Sebastian Bär, Michael Groß
579 The Problem of Determining the Stiffness Properties of Friction Contacts using the Example of Coupled Turbine
Bladings
Thomas Hoffmann, Lars Panning-von Scheidt, Jörg Wallaschek
S06.a1 - Tuesday, March 08, 08:30 - 09:30 581
581 Discussion of Different Model Approaches for the Flow Behavior of Ice
Julia Christmann, Ralf Müller, Angelika Humbert
583 Microplane Modeling of Cyclic Behavior of Concrete: A Gradient Plasticity-Damage Formulation
Imadeddin Zreid, Michael Kaliske
585 Viscoelastic-Viscoplastic-Damage Modeling of Thermoplastics under Long-Term Cyclic Loading
Patrick Zerbe, Benjamin Schneider, Michael Kaliske
S06.a2 - Tuesday, March 08, 08:30 - 09:30 587
587 A phenomenological model for self-healing thermosetting polymers
Julia Mergheim
589 Experimental and Numerical Study of Polypropylene/Polyethylene Thin Foil in Biaxial Tension
Carmen Sguazzo, Sebastian Betz, Stefan Hartmann
591 Experimental investigation, material modeling and parameter identification of a zinc die-casting alloy
Maria Angeles Martinez Page, Stefan Hartmann
S06.a3 - Tuesday, March 08, 08:30 - 09:30 593
593 The effective heat conduction of short fibre reinforced materials considering the fibre distribution
Niels Goldberg, Jörn Ihlemann
595 A numerical framework for rheological models based on the decomposition of the deformation rate tensor
Hendrik Donner, Jörn Ihlemann
597 Large strain transversely isotropic viscoplasticity by directly connected rheological elements
Robert Kießling, Jörn Ihlemann
S06.b1 - Tuesday, March 08, 17:00 - 19:00 599
599 The correlation between strain hardening and grain refinement in FCC single crystals during the ECAP process
Esmaeil Tohidlou, Rainer Glüge, Albrecht Bertram
601 Evolution of the stiffness tetrads of fibre reinforced materials under large deformations
Martin Weber, Albrecht Bertram, Rainer Glüge
603 Higher Gradient Elasticity and Plasticity
Albrecht Bertram
605 A numerical study on viscoelasticity in finite strain using a microstructure based model for filled elastomers
Rathan Raghunath, Daniel Juhre, Manfred Klüppel
607 Extension of DFM and MORPH in representative directions to viscous effects via Prony series approach
Nils Hendrik Kröger, Rathan Raghunath, Daniel Juhre
609 Second strain gradient elasticity for finite deformations
J. Christian Reiher, Albrecht Bertram
S06.b2 - Tuesday, March 08, 17:00 - 19:00 611
611 Computational modeling and simulation of single crystals at small scales
Edgar Husser, Swantje Bargmann
613 Modelling additive manufactured materials using a crystal plasticity model
Andreas Kergaßner, Julia Mergheim, Paul Steinmann
615 Crystal Plasticity: Continuum Theory with Evolution of Dislocation Density.
Mubeen Shahid
617 A variational model for the functional fatigue in polycrystalline shape memory alloys
Johanna Waimann, Philipp Junker, Klaus Hackl
619 Crystal Plasticity Finite Element Simulations based on Continuum Dislocation Dynamics
Alireza Ebrahimi, Thomas Hochrainer
621 Modeling of microstructural pattern formation in crystal plasticity
Benjamin Klusemann
S06.b3 - Tuesday, March 08, 17:00 - 19:00 623
623 A computational two-scale model for the simulation of micro-heterogeneous low-alloyed TRIP steels
Ashutosh Gandhi, Stefan Prüger, Daniel Balzani
625 Some basic ideas for the simulation of wave propagation in microstructures using proper orthogonal decomposi-
tion
Yannick Francis Fangye, Wolfgang Weber, Daniel Balzani
627 Molecular statics simulations of ferroelectric nanofilms
Florian Endres, Paul Steinmann
629 Micromorphic Homogenisation of a Porous Medium: Application to Size Effects of Foams
Geralf Hütter, Meinhard Kuna
631 Continuum Mechanical Models for Microstructures with a Metal Matrix – The Role of Size Effects, Interface-
Plasticity and -Damage
Stephan Wulfinghoff, Stefanie Reese
633 Modeling and computational homogenization of asphalt concrete
Thorsten Schüler, Ralf Jänicke, Holger Steeb
S06.c1 - Wednesday, March 09, 08:30 - 09:30 635
635 A mesoscale approach for dislocation density motion using a Runge-Kutta discontinuous Galerkin method
Lydia Wagner, Christian Wieners, Katrin Schulz
637 Simulation of thick adhesive layers at finite strains utilizing an associated flow rule in a thermodynamically
consistent framework
Florian Kieser, Sven Klinkel
639 The relaxed micromorphic model for band-gaps description in mechanical metamaterials
Angela Madeo, Patrizio Neff, Dumitrel Ionel Ghiba, Giuseppe Rosi
S06.c2 - Wednesday, March 09, 08:30 - 09:30 641
641 Comparison of dilatant plasticity models in application to rubber-toughened polymers
Jonas Hund, Johanna Naumann, Thomas Seelig
643 Modeling the quasi-static mechanical behavior of the extensible worm-like chain in the finite-element framework
Matthias Schulz, Markus Böl
645 Experimental and numerical investigations of PUR foam under dynamic loading
Lukas Bogunia, Kerstin Weinberg
S06.c3 - Wednesday, March 09, 08:30 - 09:30 647
647 A coupled finite element approach for the modelling of composites with fibres possessing fibre-bending stiffness
Tobias Asmanoglo, Andreas Menzel
649 Simulation of softening in fibre-reinforced materials via a gradient-enhanced continuum damage formulation
César Polindara, Tobias Waffenschmidt, Andreas Menzel
651 Characterization of short fiber reinforced polymers
Céline Röhrig, Stefan Diebels
S06.d1 - Wednesday, March 09, 14:30 - 15:30 653
653 Modelling of Metal foams by a continuum mechanical approach based on material metamorphosis
Anne Jung, Stephan Heinze, Alexander Düster, Stefan Diebels
655 High-resolution simulation of microstructures in dual-phase steel
Frederik Scherff, Florian Goldschmidt, Sebastian Scholl, Stefan Diebels
657 Experimental and numerical investigation of metal foams undergoing large deformations
Stephan Heinze, Anne Jung, Stefan Diebels, Alexander Düster
S06.d2 - Wednesday, March 09, 14:30 - 15:30 659
659 Comparison of two different modeling approaches to describe the non-linear viscoelastic behavior of filled rubber
material
Tobias Scheffer, Stefan Diebels
661 Fractional calculus for modeling of viscoelastic properties of functional polymers
Ehsan Ghobadi, Holger Steeb
S06.e1 - Wednesday, March 09, 16:00 - 18:00 663
663 A rate-dependent laminate-based framework for switching and microstructure evolution in ferroelectrics
Dinesh Kumar Dusthakar, Andreas Menzel, Bob Svendsen
665 Experimental and numerical investigation of granular materials for an increase of the collision safety of double-
hull vessels
Christian Woitzik, Moshin Ali Chaudry, Peter Wriggers, Alexander Düster
667 DEM-FEM coupled numerical investigation of granular materials to increase crashworthiness of double-hull
vessels
Mohsin Ali Chaudry, Christian Woitzik, Christian Weißenfels, Alexander Düster, Peter Wriggers
669 A thermodynamic framework for coupled multiphase field and diffusion models for lower bainite transformation
Martin Düsing, Rolf Mahnken
671 Variational Treatment and Stability Analysis of Coupled Electro-Mechanics
Daniel Vallicotti, Stephan Teichtmeister, Marc-André Keip, Christian Miehe
673 Thermodynamic Consistent Coupled Electrochemical-Mechanical Theory of Lithium-Ion Batteries
Katharina Becker-Steinberger, Arnulf Latz
S06.e2 - Wednesday, March 09, 16:00 - 18:00 675
675 Large Strain Gradient Plasticity Theory with a Discontinuous Grain Boundary Yield Condition
Hannes Erdle, Eric Bayerschen, Thomas Böhlke
677 Enhancing a gradient plasticity model by comparison to discrete dislocation dynamics
Eric Bayerschen, Markus Stricker, Daniel Weygand, Thomas Böhlke
679 A thermodynamically consistent finite strain micro-sphere framework for phase-transformations
Richard Ostwald, Thorsten Bartel, Andreas Menzel
681 Toward a cyclic two-surface plasticity model accounting for phase transformation
Andreas Burgold, Andreas Seupel, Meinhard Kuna
683 A finite strain crystal plasticity model based on strong discontinuties – comparison to standard crystal plasticity
theory
Guillermo Díaz, Volker Fohrmeister, Jörn Mosler
685 Thermomechanically coupled gradient enhanced plasticity theory – variational constitutive updates based on
hyper-dual differentiation
Volker Fohrmeister, Alexander Bartels, Jörn Mosler
S06.f1 - Thursday, March 10, 08:30 - 09:30 687
687 A multiscale view on shape effects in the computational characterization of magnetorheological elastomers
Matthias Rambausek, Marc-André Keip, Christian Miehe
689 Minimization- and Saddle-Point-Based Modeling of Diffusion-Deformation-Processes in Hydrogels
Lukas Böger, Aref Nateghi, Christian Miehe
691 Strain-Induced Crystallization in Rubbery Polymers
Aref Nateghi, Arun Raina, Christian Miehe
S06.f2 - Thursday, March 10, 08:30 - 09:30 693
693 Transient Finite Element Simulation of the Temperature Field during Cryogenic Turning of Metastable Austenitic
Steel AISI 347
Steven Becker, Patrick Mayer, Benjamin Kirsch, Jan C. Aurich, Erik v. Harbou, Ralf Müller
695 Simulation of micro-cutting considering finite deformation crystal plasticity
Robert Bischof, Richard Lohkamp, Frank Schneider, Charlotte Kuhn, Jan C. Aurich, Ralf Müller
697 A Finite Element Analysis of Effects of Ultrasonic Welding Parameters on Temperature Distribution in Wire
Bonding
Shimaalsadat Mostafavi, Bernd Markert
S06.g1 - Thursday, March 10, 13:30 - 15:30 699
699 Mechanics of elastomers based on polymer chain length statistics
Mikhail Itskov
701 Rubber elasticity based on an analytical network-averaging concept
Vu Ngoc Khiêm, Mikhail Itskov
703 Large strain constitutive modeling of cellulose aerogels
Ameya Rege, Mikhail Itskov
705 Modelling of hydrodynamic strain amplification in filled elastomers
Ehsan Darabi, Mikhail Itskov, Manfred Klüppel
707 Simulation of a chassis bushing with regard to strain induced softening of filled rubbers
Sören Gelke, Jörn Ihlemann
709 A general modeling framework and specific mechanical approaches to simulate curing phenomena in polymers
Ralf Landgraf, Jörn Ihlemann
S06.g2 - Thursday, March 10, 13:30 - 15:30 711
711 Modeling of thermomechanical behavior of lamellar TiAl alloys
Jan Eike Schnabel, Swantje Bargmann
713 Introduction and validation of a physically motivated model for creep of directionally solidified eutectics
Jürgen Albiez, Ioannis Sprenger, Daniel Weygand, Martin Heilmaier, Thomas Böhlke
715 Experimental Characterization and Modeling of Dual-Phase Steel under Biaxial and Non-monotonic Loading
René Sebastiano, Barthel Brylka, Florian Rieger, Thomas Böhlke
717 Martensitic phase transformation for dual phase steels
Johannes Ruck, Thomas Böhlke
719 A phenomenological framework for the modelling of functional fatigue in NiTi wires
Thorsten Bartel, Muhammad Osman, Andreas Menzel
721 A phase field approach to stress and temperature induced tetragonal-to-monoclinic transitions in partially stabi-
lized zirconia
Michael Budnitzki, Meinhard Kuna
S06.h1 - Thursday, March 10, 17:00 - 19:00 723
723 Isogeometric contact analysis and the third medium method
Roland Kruse, Nhon Nguyen-Thanh, Laura De Lorenzis, Peter Wriggers
725 Time and frequency domain finite element implementation of a fully anisotropic linear viscoelastic model
Florian Toth, Manfred Kaltenbacher
727 A consistent implementation for inelastic materials in an ALE formulation for steady state rolling contact
Mario A. Garcia, Michael Kaliske
729 A two-scale, two-phase model for thermal driven phase transition during solidification
Lukas Moj, Tim Ricken, Ingo Steinbach
731 Constitutive modeling and computational simulation of soil excavation using PFEM Joint Annual Meeting -
GAMM and DMV 2016
Abdiel R. Leon Bal, Thai S. Dang, Günther Meschke
S06.h2 - Thursday, March 10, 17:00 - 19:30 733
733 Experimental Validation of RVE Based Failure Simulations of Macro-Porous Materials
Phil Daro Krummrich, Patrick Schneider, Thomas Hochrainer
735 Loss of ellipticity for non-coaxial plastic deformations in additive logarithmic finite strain plasticity and other
related results on Hencky-type energies
Ionel-Dumitrel Ghiba, Patrizio Neff, Robert Martin
737 Old and new thoughts on the indeterminate couple stress model
Patrizio Neff, Ionel-Dumitrel Ghiba, Angela Madeo, Ingo Münch
739 An Alternative Perspective on the Concept of Stress in Classical Continuum Mechanics
Simon R. Eugster, Christoph Glocker
741 Digital Rock Physics: A case study of carbonate rocks
David Uribe-Gallo, Erik Saenger, Holger Steeb
743 Extended balance equations from higher gradient stress field theory
Ingo Münch, Franziska Wöhler
745 Thermodynamically Consistent Continuum Cislocation Dynamics
Thomas Hochrainer, Alireza Ebrahimi
S06.i1 - Friday, March 11, 08:30 - 09:30 747
747 On intrinsic time measure concept with application to the modeling of smart materials
Rodica Ioan, Stefan Ioan
749 On experimental validation of models for soft robot arms
Kristin M. de Payrebrune, Oliver M. O’Reilly
751 Formation of Grains and Dislocation Structure of Geometrically Necessary Boundaries
Michael Koster, Khanh Chau Le
S06.i2 - Friday, March 11, 08:30 - 09:30 753
753 On the non-periodic multilayer films
Ligia Munteanu
755 On the composites consisting of randomly distributed fibers
Ruxandra Ilie
757 Localized modes at defects in sonic composites
Valerica Mosnegutu
S07.a - Tuesday, March 08, 08:45 - 09:30 759
759 Modeling Abrasive Wear Caused by Small Solid Particles of Different Sizes
Florian Beck, Peter Eberhard
761 Impact of Heterogeneous Distributed Solid Particles in the Transition Zone between Porous and Free Flow Do-
main
Nadine Falkner, Holger Steeb
S07.b - Tuesday, March 08, 17:00 - 19:00 763
763 Modeling of Extrinsic and Autonomous Self-Healing Phenomena within the Framework of the Theory of Porous
Media
Joachim Bluhm, Steffen Specht, Jörg Schröder
765 Variational Modeling and Stable FE Implementation of Hydro-Poro-Elasticity at Large Strains
Steffen Mauthe, Stephan Teichtmeister, Christian Miehe
767 Smoothed Particle Hydrodynamics modelling of poroelastic media
Maria Camila Osorno Tejada, Holger Steeb
769 Advanced finite element method for free surface flow with application to landslides
Marco Schauer, Sven Reinstädler, Dieter Dinkler
771 On the Optimality of Harmonic Input Signals for the Identification of Parameters in Coupled Problems - Appli-
cations to Piezoelectricity and Poroelasticity
Tom Lahmer, Ewaryst Rafajlowicz
S07.c - Wednesday, March 09, 08:30 - 09:30 773
773 Surface tension and its impact on stress-enhanced diffusion in Li-ion battery electrode nanoparticles
Peter Stein, Bai-Xiang Xu
775 Magneto-Structural analysis of rotating electrical machines
Stefan Haas, Mathias Mair, Katrin Ellermann
777 Interaction of temperature changes and nonlinear electromechanical fields in ferroelectrics
Marius Wingen, Andreas Ricoeur
S07.d1 - Wednesday, March 09, 14:30 - 15:30 779
779 Modeling of contaminant migration between soil and Groundwater: A continuum mechanical approach using in
The Theory of Porous Media
Seyed Morteza Seyedpour, Tim Ricken
781 Modelling Grain Coarsening in the Framework of Rational Extended Thermodynamics
Lukas Kertsch, Dirk Helm
783 Boundary integral equation method in the theory of elasticity for triple porosity materials
Merab Svanadze
S07.d2 - Wednesday, March 09, 14:30 - 15:30 785
785 Spline-Enhanced Finite Element Methods for Coupled Fluid-Flow Problems
Stefanie Elgeti, Norbert Hosters, Jan Helmig, Atanas Stavrev, Marek Behr
787 3D Fluid-Structure Interaction Benchmark Experiment
Andreas Hessenthaler, Nicholas Gaddum, Ondrej Holub, Ralph Sinkus, Oliver Röhrle, David Nordsletten
789 Fluid-structure interaction of blood vessels in Circle of Willis
Aria Alimi, Olaf Wünsch
S07.e1 - Wednesday, March 09, 16:00 - 18:00 791
791 Micromechanics of Electro- and Magneto-active Soft Composites
Stephan Rudykh
793 A thermodynamical consistent model for modeling of ionic electroactive polymers (EAPs) within the framework
of the Theory of Porous Media
Serdar Serdas, Joachim Bluhm, Jörg Schröder
795 Influence of linear viscoelasticity and pre-load on the dynamic behavior of a dielectric elastomer actuator
Dagmar Eder-Goy, Bai-Xiang Xu
797 Towards the Scale-Bridging of Magneto-Mechanically Coupled Material Response at Large Deformations
Ashish Sridhar, Marc-André Keip, Christian Miehe
799 Continuum modelling of the swelling behaviour of concrete modified with superabsorbent polymers
Malte Sauerwein, Ralf Jänicke, Holger Steeb
S07.e2 - Wednesday, March 09, 16:00 - 18:00 801
801 Simulation of Hydraulic Fracture of Porous Materials using the Phase-Field Modeling Approach
Yousef Heider, Bernd Markert
803 Computational modeling of the interaction between cracking, chloride diffusion and binding in hardened cement
paste
Tao Wu, Pietro Carrara, Laura De Lorenzis
805 A three-dimensional model for hydraulic fracturing
Chenyi Luo, Wolfgang Ehlers
807 Numerical investigation of seismic attenuation in fluid-saturated fractured media
Nele Pollmann, Ralf Jänicke, Jörg Renner, Holger Steeb
809 A polyconvex strain-energy split for a high-order phase-field approach to fracture
Carola Bilgen, Christian Hesch, Kerstin Weinberg
811 Phase-field modeling of electrochemically induced crack growth in Li-Ion battery electrodes
Ying Zhao, Peter Stein, Bai-Xiang Xu
S07.f1 - Thursday, March 10, 08:30 - 09:30 813
813 Computational homogenization and order reduction in poroelasticity
Ralf Jänicke, Fredrik Larsson, Kenneth Runesson, Holger Steeb
815 Reduced order modelling of vortex-induced vibrations for long slender structures in an offshore environment.
Giovanni Stabile, Hermann G Matthies, Claudio Borri
817 Model reduction for multi-component porous-media models of biological materials using POD-DEIM
Davina Fink, Wolfgang Ehlers
S07.f2 - Thursday, March 10, 08:30 - 09:30 819
819 Numerical simulation of fluid-structure interaction problems by a coupled SPH-FEM approach
Jessica Stasch, Bircan Avci, Peter Wriggers
821 Numerical simulations of spout/jet fluidized bed with heat transfer using coupled Eulerian-Lagrangian approach
Naveed Iqbal, Cornelia Rauh, Antonio Delgado
823 A Flexible C++ Framework for the Efficient Solution of Strongly Coupled Multifield Problems
Marcel König, Lars Radtke, Alexander Düster
S07.g1 - Thursday, March 10, 13:30 - 15:30 825
825 Gradient based enhanced finite element formulation for diffuse phase interfaces in coupled problems
Matthias Krauss, Ingo Münch
827 On the Embedding of Relaxation-based Magnetostriction Models into a Micromagnetically-Motivated Finite
Element Framework
Karsten Buckmann, Björn Kiefer, Thorsten Bartel, Andreas Menzel
829 Computational characterization of magnetostrictive solids with a 3D Preisach model based on orientation distri-
bution functions
Matthias Labusch, Jörg Schröder
831 The behavior of relaxor ferroelectrics under electro-mechanical coupled loading - a phase-field study
Shuai Wang, Bai-Xiang Xu
833 Constitutive modeling of ferromagnetic and ferroelectric behaviors including damage and application to multi-
ferroic composites
Artjom Avakian, Andreas Ricoeur
835 An anisotropic phase-field model for transversely isotropic barium titanate with material bounds
Omkar Nadgir, Marc-Andre Keip, Christian Miehe
S07.g2 - Thursday, March 10, 13:30 - 15:30 837
837 Chloride Diffusivity within the interfacial Transition Zone between Aggregates and Cement Paste in Concrete
Pietro Carrara, Laura De lorenzis
839 Modeling of multifield processes regarding the life-cycle of concrete structures
Ursula Kowalsky, Friedhelm Cramer, Dieter Dinkler
841 Boundary value problems in the theory of viscoelasticity for double porosity materials
Maia Svanadze
843 Partitioned treatment of surface-coupled problems with application to the fluid-porous-media interaction
Seyedmohammad Zinatbakhsh, Pouyan Asgharzadeh, Wolfgang Ehlers
845 A three-phase two-scale FE-model for diffusion-driven metallic alloy solidification processes
Carla Henning, Tim Ricken, Lukas Moj
847 Numerical investigation of vacuum-assisted resin transfer moulding (VARTM) within deformable fibre fabrics
Maik Schenke, Wolfgang Ehlers
S07.h1 - Thursday, March 10, 17:00 - 19:00 849
849 Thermo-mechanical damage accounting for energetic Kapitza interface
Ali Esmaeili, Ali Javili, Paul Steinmann
851 Time-adaptive non-linear finite-element computations for thermo-mechanically coupled analysis in inelastic dy-
namical systems
Matthias Grafenhorst, Stefan Hartmann, Joachim Rang
853 Thermo-mechanically coupled modelling of cellular MgO-C refractories under thermal shock
Thomas Bleistein, Anne Jung, Stefan Diebels
855 Modelling the Thermoplastic Material Behaviour of Dual-Phase Steels on a Microscopic Length Scale
Sebastian Zeller, Stefan Loehnert, Peter Wriggers
857 A multiscale approach to thermoplastic deformation
Marko Canadija, Neven Munjas, Josip Brnic
859 Thermomigration in Sn-Pb solder bumps: Modelling and simulation
Stefan Schuß, Christian Hesch, Kerstin Weinberg
S07.h2 - Thursday, March 10, 17:00 - 19:00 861
861 Hydrogels as porous media: Coupled chemo-electro-mechanical simulation with strain dependent boundary
conditions
Peter Leichsenring, Thomas Wallmersperger
863 Electromechanical Coupling and Interface Elasticity Effects in Metal-Polymer Composites
Jana Wilmers, Andrew T. McBride, Swantje Bargmann
865 Modeling and simulation of magnetostrictive phenomena in magnetorheological elastomers
Philipp Metsch, Karl Kalina, Christian Spieler, Dirk Romeis, Marina Saphiannikova, Markus Kästner
867 Computational aspects of homogenization in magneto-mechanics
Reza Zabihyan, Julia Mergheim, Paul Steinmann, Ali Javili
869 Modeling the constitutive behavior of ferroelectric, ferromagnetic and multiferroic materials by using the con-
densed method (CM)
Stephan Lange, Andreas Ricoeur
871 Mechanically-assisted switching dynamics in nanomagnets coupled with thermal fluctuations
Min Yi, Bai-Xiang Xu
S07.i1 - Friday, March 11, 08:30 - 09:30 873
873 Numerical Study on Shock-Induced Fluid-Structure Interaction in Supersonic Flows
Michel Make, Norbert Hosters, Marek Behr
875 Computational bridge aeroelasticity using turbulence models
Anas Alfarra, Dieter Dinkler
877 Deformed gap space using macro-micro FEA model and transferred into a CFD model
Ali Ahmed Anwar, Yevgen Gorash, William Dempster, David Nash
S07.i2 - Friday, March 11, 08:30 - 09:30 879
879 Strongly-coupled modelling and analysis of energy harvesting devices
Srivathsan Ravi, Andreas Zilian
881 Coupled simulation in vehicle engineering
Michael Burger, Stefan Steidel
883 Dynamical characteristics of transverse vibrations beams as models of subsystems of freight wagons
Andrzej Buchacz
S08.a - Tuesday, March 08, 08:30 - 09:30 885
885 A micromechanics model for fiber reinforced composites
Jithender Timothy, Günther Meschke
887 Material modelling of a sheet-layered lamination stack by homogenization
Maximilian Volkan Baloglu, Kai Willner
889 Mean field homogenization of long fiber reinforced composites and comparison with a full field approach
Loredana Kehrer, Thomas Böhlke, Pascal Pinter
S08.b - Tuesday, March 08, 17:00 - 19:00 891
891 Efficient snapshot generation for the POD basis identification
Felix Fritzen
893 A nonuniform transformation field analysis for plasticity coupled with softening effects and two related new
methods for accuracy improvements
Xiaozhe Ju, Rolf Mahnken
895 Computational Homogenisation using Reduced-Order Modelling applied to Hyperelasticity
Dominic Soldner, Benjamin Brands, Reza Zabihyan, Paul Steinmann, Julia Mergheim
897 Reduced order homogenization for nonlinear composite materials with imperfect interfaces at the phase bound-
aries
Matthias Leuschner, Felix Fritzen
899 Space-time model compression for cyclic problems
Mohammad Reza Hassani, Felix Fritzen
901 Model Reduction and Submodelling using Neural Networks
Arnd Koeppe, Franz Bamer, Bernd Markert
S08.c - Wednesday, March 09, 08:30 - 09:30 903
903 Numerical Solution of Contact Problems in Fibrous Microstructures using the Level Set Method on Voxel Dis-
cretizations
Alexander Leichner, Heiko Andrä, Bernd Simeon
905 Efficient Simulation of Short Fibre Reinforced Composites
Rolf Springer, Arnd Meyer
907 Relating DEM Contact Parameters to Continuum Parameters
Nicola Wessels
S08.d - Wednesday, March 09, 14:30 - 15:30 909
909 Modelling the effective permeability of microcracked materials using continuum and lattice micromechanics
Jithender J. Timothy, Günther Meschke
911 Aspects of RVE topology, mesh discretization and boundary conditions in practical homogenization techniques
for matrix-inclusion composites
Konrad Schneider, Benjamin Klusemann, Swantje Bargmann
913 A two-scale homogenisation approach for fluid saturated porous media based on TPM and FE2−Method
Florian Bartel, Tim Ricken, Jörg Schröder, Joachim Bluhm
S08.e - Wednesday, March 09, 16:00 - 18:00 915
915 Computational Homogenization of Continua accounting for general imperfect Interfaces
Ali Javili, Jörn Mosler, Paul Steinmann
917 Linking macroscopic deformation processes to microstructure evolution using a direct FE-FFT-based micro-
macro transition and non-conserved phase-fields
Julian Kochmann, Stephan Wulfinghoff, Bob Svendsen, Stefanie Reese
919 Aspects of Computational Homogenization at Finite Deformations
Saba Saeb, Paul Steinmann, Ali Javili
921 Homogenization of thermomechanical tread-road contact for the investigation of tire rolling resistance
Robert Beyer, Udo Nackenhorst
923 Direct Stiffness Assembly in the High-Fidelity Method of Cells with Interface Damage and the Solution Algo-
rithm for the Resultant System of Equations
Mario Schmerbauch, Anton Matzenmiller
925 On the Computational Homogenization of Transient Diffusion Problems
Stefan Kaessmair, Paul Steinmann
S08.f - Thursday, March 10, 08:30 - 09:30 927
927 The Heterogeneous Multiscale Finite Element Method FE-HMM for the Homogenization of Linear Elastic
Solids
Bernhard Eidel, Andreas Fischer
929 Simulation of Surface Wetting by Droplets using a Phase Field Model
Felix Diewald, Charlotte Kuhn, Michaela Heier, Stefan Becker, Stephan Werth, Martin Horsch, Hans Hasse, Ralf
Müller
931 On contrary size effects of microwires under different loading conditions
Andreas Prahs, Eric Bayerschen, Michael Ziemann, Patric Gruber, Mario Walter, Thomas Böhlke
S08.g - Thursday, March 10, 13:30 - 15:30 933
933 About a variational analysis of a quasicontinuum method for non-convex interactions of finite range
Mathias Schäffner, Anja Schlömerkemper
935 Analysis of multiscale methods for time-harmonic Maxwell’s equations
Patrick Henning, Mario Ohlberger, Barbara Verfürth
937 On homogenization of rate-independent systems
Martin Heida
939 Fourier-Galerkin method for homogenization of periodic media based on double grid exact integration and or-
thogonal projection
Jaroslav Vondrˇejc, Nachiketa Mishra, Jan Zeman
941 Structural optimisation of multiscale problems based on variational sensitivity analysis
Wojciech Kijanski, Franz-Joseph Barthold
943 The Logarithmic finite element method in a multigrid setting
Christian Schröppel, Jens Wackerfuß
S08.h - Thursday, March 10, 17:00 - 19:00 945
945 Application of the string method to compute minimum energy paths for a chain of bi-stable elements using the
finite element method and molecular dynamics
Manfred H. Ulz
947 A homogenisation strategy for micromorphic continua based on particle mechanics
Sami Bidier, Wolfgang Ehlers
949 Homogenization of thin structures in nonlinear elasticity
Igor Velcic
951 Improving the convergence behavior of hierarchical atomistic-to-continuum multiscale models using stochastic
approximation
Patrick Wurm, Manfred H. Ulz
953 Concurrent Atomistic-continuum Coupling for Multi-scale Simulation of Metals
Tobias Willerding, Manfred Bischoff
955 Variationally consistent molecular-to-continuum homogenization suitable for thermomechanically coupled con-
tinua
Christian Sievers, Jörn Mosler
S08.i1 - Friday, March 11, 08:30 - 09:30 957
957 Modelling of failure in rough interfaces
Franz Hirsch, Markus Kästner
959 Finite Element Modeling of Rubber Hysteretic Friction on Random Rough Rigid Surfaces
Ahmad Al-Qudsi, Roland Kruse, Laura De Lorenzis
961 Multiscale Simulation for Description of Rubber Friction
Ronny Lang, Korbinian Falk, Michael Kaliske
S08.i2 - Friday, March 11, 08:30 - 09:30 963
963 Effective plastic properties of laminates made of von Mises-elastoplastic layers
Rainer Glüge
965 Determination of effective properties for CFRP curing coupled to viscoleasticity based on a three-scale frame-
work
Christian Dammann, Rolf Mahnken
967 Determination of Effective Properties of MMC by Computational Homogenization
Jose York
S09.a - Tuesday, March 08, 08:30 - 09:30 969
969 Numerische Strömungsanalyse und Optimierung von Kraftwerksbuchten bei Laufwasserkraftanlagen
Lars Ostermann, Christian Seidel
971 Transient contraction flow of a nonlinear viscoelastic fluid
Stefan Descher, Olaf Wünsch
973 Study of Yield-Pseudoplastic Fluids Transition to Turbulence in Eccentric Annular Pipes Including Rotation
Roger Aragall, Hakim Haider, Juan Miguel Blanco, Gunther Brenner, Roland May, Thomas Dahl
S09.b - Tuesday, March 08, 17:00 - 19:00 975
975 On the initial phase of the triple deck stage in marginally separated flows
Stefan Braun, Stefan Scheichl
977 Symmetry analysis in linear hydrodynamic stability theory
Jan-Niklas Hau, Martin Oberlack
979 A non-conventional discontinuous Lagrangian for viscous flow
Markus Scholle, Florian Marner
981 Integration of Navier-Stokes equations based on auxiliary tensor fields
Florian Marner, Markus Scholle
983 The Development of Transitional Flow Structures along a Pipe in the Decay and Growth Regimes
Jens Krauss, Özgür Ertunç, Hermann Lienhart, Antonio Delgado
985 Similarities and differences in the shift from a Tollmien-Schlichting to a centrifugal instability between the inner
and the outer rotation spiral Poiseuille flow.
Philipp Brockmann, Jeanette Hussong, Venkatesa I. Vasanta Ram
S10.b - Tuesday, March 08, 17:00 - 19:00 987
987 A Lagrangian Dynamic Mode Decomposition to capture Linearized Coherent Structures
Amir Shahirpour, Jörn Sesterhenn, Christoph Egbers
989 Scaling laws of turbulent Couette flow with wall-normal transpiration
Stefanie Kraheberger, Martin Oberlack, Sergio Hoyas
991 Hartmann duct flow at moderate magnetic Reynolds numbers
Vinodh Bandaru, Thomas Boeck, Dmitry Krasnov, Jörg Schumacher
993 Impact of the regularity of the sediment bed on bed-load transport
Ramandeep Jain, Bernhard Vowinckel, Jochen Fröhlich
995 Time-dependent helical coordinates: derivation of the fundamental system and new conservation laws
Dominik Dierkes, Martin Oberlack
997 Data Assimilation and the Lattice Boltzmann Method
Helen E. Morrison, Sven Grundmann
S10.c - Wednesday, March 09, 08:30 - 09:30 999
999 Calibrating microfluidic pressure correction functions in Laval nozzle flow by eliminating production accuracy
influences
Rodion Groll, Juan Gomez
1001 Statistical characteristics, time autocorrelation coefficients and turbulence time integral scales of the turbulent
swirling flows in pipe
Djordje Cantrak, Novica Jankovic
1003 New explicit algebraic stress model for three-dimensional turbulent flows
Igor Vigdorovich, Holger Foysi
S10.d - Wednesday, March 09, 14:30 - 15:30 1005
1005 Wake Interference of two Cylinders in Tandem simulated by a scale-resolving Turbulence Model
Suad Jakirlic, R. Maduta, M. Ullrich
1007 Comparison of isotropic and anisotropic subgrid scale models in large eddy simulations for backward-facing step
flows
Nils Temme, Martin Niemann, Jochen Fröhlich
1009 Recent application of ODT to turbulent combustion problems in the incompressible and compressible limit
Zoltan Jozefik, Heiko Schmidt, Alan R. Kerstein
S11.a - Tuesday, March 08, 08:30 - 09:30 1011
1011 Simulation of mass transfer in liquid/liquid Slug Flow
Christian Heckmann, Peter Ehrhard
1013 Enhanced mass transfer in micro-capillary two-phase flow
Peter Lakshmanan, Peter Ehrhard
1015 Numerical Investigation of Rising Bubble Phenomena in Viscoelastic Fluids
Max von Danwitz, Philipp Knechtges, Marek Behr, Stefanie Elgeti
S11.b - Tuesday, March 08, 17:00 - 19:00 1017
1017 Neuronumerical Hybrid for Modelling, Simulation and Prediction of Protein Foams
Lucia Diez, Daniela Anderl, Cornelia Rauh, Antonio Delgado
1019 Pore-Scale Multiphase SPH Study on Wetting Phase Entrapment during Primary Drainage in Particulate Media
Rakulan Sivanesapillai, Holger Steeb
1021 Protein Foams in Inner Geometries
Ladan Zoheidi, Cornelia Rauh, Antonio Delgado
1023 A semi-implicit multi-fluid SPH algorithm suitable for GPU
Jan-Philipp Fürstenau, Bircan Avci, Peter Wriggers
1025 Forced Resonance of Sessile Drops
Chun-Ti Chang, Joshua Bostwick, Susan Daniel, Paul Steen
1027 Modelling and Simulation of Food Foams
Katharina Gladbach, Antonio Delgado, Cornelia Rauh
S11.c - Wednesday, March 09, 08:30 - 09:30 1029
1029 Transport of Mass, Momentum and Energy through Periodic Open Cell Metal Foams Applied in Catalysis
Tobias Horneber, Cornelia Rauh, Antonio Delgado
1031 Experimental progress on the rise velocity of small bubbles
Franz Peters, Marius Nüllig
1033 High speed visualization study of acoustic cavitation bubbles in microgaps of variable heights
Haresh Vaidya, Özgür Ertunc, Thomas Lichtenegger, Johannes Hachmann, Cornelia Rauh, Manuel Münsch,
Antonio Delgado
S11.d - Wednesday, March 09, 14:30 - 15:30 1035
1035 A rotary wave driven by a rotating disc
Herbert Steinrück, Lorenz Gusner
1037 Der Jungebad-Apparat zur Erzeugung von Öldispersionsbädern
Ann Kathrin Höffmann, Peter Lakshmanan, Peter Ehrhard, Thomas Ostermann
1039 Void dynamics in lead-free Sn-Ag-Cu solder joints
Marek Werner, Kerstin Weinberg, Thomas Reppel
S11.e - Wednesday, March 09, 16:00 - 18:00 1041
1041 Influence of design parameters on the simulations of cooling oil jets for internal combustion engine applications
using level set method.
Loic Wendling
1043 Simulations of Particle-laden Flows with the Lattice Boltzmann Method
Christoph Rettinger, Ulrich Rüde
1045 Numerical investigation into a liquid displacing a gas in thin porous layers
Tim Neumann, Boettcher Konrad, Peter Ehrhard
1047 The Axial Sloshing of Liquid Hydrogen in Cylindrical Containers with Superheated Walls in Weightlessness
Michael Dreyer
1049 Nonlinear instability of a viscous liquid jet
Günter Brenn, Marie-Charlotte Renoult, Innocent Mutabazi
1051 Flow-induced anisotropic viscosity in short fiber reinforced polymers
Róbert Bertóti, Thomas Böhlke
S11.f - Thursday, March 10, 08:30 - 09:30 1053
1053 Standing wave detected by InfraRed thermography in Marangoni convection
Cosimo Buffone, Antonio Delgado
1055 Numerische Modellierung der Freispiegelströmung am Beispiel eines Kreissegmentschützes
Hans-Henning Schippke, Christian Seidel, Dieter Dinkler
1057 Mass Transfer-driven hierarchic Marangoni Structures
Karin Schwarzenberger, Thomas Köllner, Kerstin Eckert, Thomas Boeck
S12.g - Thursday, March 10, 13:30 - 15:30 1059
1059 Computational magneto-hydrodynamic modeling of hyper-sonic flows with resolved shock wave diffusion
Charles Chelem, Rodion Groll
1061 Tangential Homology for Defect Detection in the Time of Flight Diffraction Method (TOFD)
Jose Fernando Cuenca Jimenez, Armin Iske
1063 Elastic Wave Propagation in Soft Composites
Stephan Rudykh, Pavel Galich
1065 On Torsional Divergence of Composte Fins
Bosko Rasuo, Mirko Dinulovic, Branimir Krstic
1067 A strategy to implement volume sources into Galbrun equation
Stefanie Retka, Mario Fleischer, Willy Mattheus
1069 A new approach describing non-linear droplet oscillations based on the unified method for boundary value prob-
lems
Dominik Plümacher, Martin Oberlack, Yongqi Wang
S12.h - Thursday, March 10, 17:00 - 19:00 1071
1071 Adjoint-based Trailing-Edge Noise Minimization via Porous Material
Beckett Yuxiang Zhou, Nicolas R. Gauger, Seong R. Koh, Matthias Meinke, Wolfgang Schroeder
1073 Adjoint-based Design Optimization of Acoustic Liners
Junis Abdel Hay, Emre Özkaya, Nicolas Gauger, Norbert Schönwald, Frank Thiele
1075 Modeling of Non-linear Damping in Acoustic Cavitation
Sergey Lesnik, Gunther Brenner
1077 From CAA to CFD
Rinie Akkermans, Paul Bernicke, Roland Ewert, Juergen Dierke, Nadine Buchmann
1079 Optimal adaptation of acoustic black holes by evolutionary optimization algorithms
Sebastian Rothe, Vahid Ghaffarimejlej, Sabine C. Langer, Thomas Vietor
1081 Study on the influence of spectrum and directivity on the uncertainty of the sound power determined using the
substitution method
Katharina Völkel, Volker Wittstock
S13.a - Tuesday, March 08, 08:30 - 09:30 1083
1083 Time Delay and Decay Models for Control of Transient Flow Separation
David Williams, David Williams
1085 Transportation of dry fine powders by coordinated friction manipulation in a harmoniously vibrating pipe
Paul Dunst, Peter Bornmann, Tobias Hemsel, Walter Littmann, Walter Sextro
S13.b - Tuesday, March 08, 17:00 - 19:00 1087
1087 Wall-cooling effect on linear stability of compressible streamwise corner-flow
Jennifer Staudenmeyer, Ulrich Rist
1089 Effects of the magnetization on the particle structure of magnetorheological elastomers
Malte Schümann, Shilin Huang, Günter K. Auernhammer, Stefan Odenbach
1091 Robust Optimization of Inlet Orientation and Outlet Position of Biogas Plants
Jonas Müller, Christina Schenk, Volker Schulz, Kai Velten
1093 Simulation and analysis of turbulent MHD channel flow with a streamwise magnetic field
Thomas Boeck, Dmitry Krasnov
1095 Enhanced and Suppressed Natural Convection Using Magnetic Fluid in a Square Cavity
Peter S. B. Szabo, Wolf-Gerrit Früh
1097 In-flight flow control with dielectric barrier discharges – A requirement profile of the controller
Jochen Kriegseis, Bernhard Simon, Sven Grundmann
S13.c - Wednesday, March 09, 08:30 - 09:30 1099
1099 Turbulent skin-friction drag reduction in the constant power input framework
Davide Gatti, Bettina Frohnapfel, Andrea Cimarelli, Maurizio Quadrio, Yosuke Hasegawa
1101 Drag reduction via spanwise transversal traveling waves of smooth and structured surfaces
Pascal Meysonnat, Wolfgang Schröder
S13.d - Wednesday, March 09, 14:30 - 15:30 1103
1103 A statistical learning framework for closed-loop control of turbulent flows
Charles Pivot, Lionel Mathelin, Laurent Cordier, Bernd R. Noack
1105 Enhancement of adjoint topology optimization by approximated L1-regularization for promotion of sparse dis-
tributed control
Anne Gerdes, Thomas Rung, Michael Hinze
S13.e - Wednesday, March 09, 16:00 - 18:00 1107
1107 Combined experimental/numerical investigations on the stabilizing effect of streamwise vortices on the wake of
a transonic backward-facing step flow
Istvan Bolgar, Sven Scharnowski, Vladimir Statnikov, Wolfgang Schröder, Christian Kähler
1109 Active Flow Control Implemented in a Multi-Stage High-Speed Axial Compressor
Lutz Schwerdt, Jan Siemann, Joerg R. Seume
1111 In-Flight Application of Dielectric Barrier Discharge Plasma Actuators for Active Wave Control
Armin Kurz, Sven Grundmann
1113 Experimental investigation of flexible high-water protection system in a down-scale water channel flow
Klaus-Peter Schade, Oliver Sommer, Günter Wozniak
1115 Numerical investigation of flexible flood protection system in an open channel flow
Mahtab Makaremi Masouleh, Günter Wozniak
S13.f - Thursday, March 10, 08:30 - 09:30 1117
1117 Anisotropy of the magnetoviscous effect in magnetically controllable fluids
Julia Linke, Stefan Odenbach
1119 On the flow around Glauert-Goldschmied body in the narrow channel and separation point control strategy
Pavel Procházka, Václav Uruba
S13.g - Thursday, March 10, 13:30 - 15:30 1121
1121 Fundamentals of Future High Lift for Transport Aircraft - Coordinated Research Centre 880
Rolf Radespiel
1123 Coanda Flap Flow Control with Dynamic Lip Actuation
Daniela Gisele Francois, Rolf Radespiel
1125 Wake characterization behind a circulation control wing
Yosef El Sayed M., Rolf Radespiel, Richard Semaan
1127 Flutter of aerofoils with Coanda flap
Ian Krukow, Nora Neuert, Dieter Dinkler
1129 Reduced-order modeling of the flow around a high-lift configuration with unsteady Coanda blowing
Richard Semaan, Pradeep Kumar, Marco Burnazzi, Gilles Tissot, Laurent Cordier, Bernd Noack
S13.h - Thursday, March 10, 17:00 - 19:30 1131
1131 A Capillary Viscometer for the characterization of biocompatible Ferrofluids diluted in Sheep Blood
Johannes Nowak, Stefan Odenbach
1133 Deep bed filtration in monolithic porous ceramics - combination of CT and MRI.
Gerd Mikolajczyk, Stefan Odenbach
1135 Interaction between inner and outer layer in drag-reduced turbulent flows
Marion Cormier, Davide Gatti, Bettina Frohnapfel
1137 Experimental investigation of turbulent boundary layer drag reduction by large-scale structure modulation
Nico Reuther, Muhammad bin Mansoor, Christian J. Kähler
1139 Drag reduction via wall normal oscillations in turbulent flat plate boundary layer flow at very high Reynolds
number
Marian Albers, Pascal S. Meysonnat, Wolfgang Schröder
1141 Direct numerical simulations of controlled turbulent duct flows
Steffen Straub, Davide Gatti, Philipp Schlatter, Ricardo Vinuesa, Bettina Frohnapfel
1143 A Discrete Adjoint CAA Solver for the Design Optimization of Acoustic Liners
Emre Özkaya, Junis Abdel Hay, Nicolas R. Gauger, Norbert Schönwald, Frank Thiele
S14.a - Tuesday, March 08, 08:30 - 09:30 1145
1145 Convergence of singularly perturbed second order potential-type equations
Lorenzo Nardini
1147 The sum of squared logarithms inequality in arbitrary dimensions
Lev Borisov, Patrizio Neff, Suvrit Sra, Christian Thiel
1149 Homogenization of a thin periodic layer interacting with corner singularities
Adrien Semin, Kersten Schmidt, Bérangère Delourme
S14.b - Tuesday, March 08, 17:00 - 19:00 1151
1151 Transmission problems for the Stokes and Darcy Forchheimer Brinkman systems with Lipschitz interface in R3
and on compact Riemannian manifolds
Wolfgang Wendland
1153 Local Existence of Shock Wave Solutions to the Euler Equations
Bugra Kabil
1155 The FWI approximation makes wrong predictions for a Boussinesq-Problem
Tobias Haas
1157 Mathematical problems in dynamo theory
Ralf Kaiser
1159 Long-term behaviour in a chemotaxis-fluid system with logistic source
Johannes Lankeit
1161 Analysis of the Flow of Magnetoelastic Materials
Barbora Benešová, Johannes Forster, Carlos García-Cervera, Chun Liu, Anja Schlömerkemper
S14.c - Wednesday, March 09, 08:30 - 09:30 1163
1163 Reaction-diffusion equations with hysteresis
Pavel Gurevich, Sergey Tikhomirov
1165 Twisted X-rays: incoming waveforms yielding discrete diffraction patterns for helical structures
Gero Friesecke, Richard D. James, Dominik Juestel
S14.d - Wednesday, March 09, 14:30 - 15:30 1167
1167 Boundary value problems for the Willmore functional
Hans-Christoph Grunau
1169 On Griffith-Euler-Bernoulli functionals for thin brittle beams
Bernd Schmidt
S14.e - Wednesday, March 09, 16:00 - 18:00 1171
1171 Non-uniqueness for Willmore surfaces of revolution satisfying Dirichlet boundary data
Sascha Eichmann
1173 Nonlinear Calderon-Zygmund theory
Lars Diening
1175 On p(x)-Laplace thermistor models describing electrothermal feedback in organic semiconductor devices
Matthias Liero
1177 Minimization of asymptotic energy of the Muller functional endowed with local nonlinear lower order term
Andrija Raguz
1179 Rank-one convexity implies polyconvexity for isotropic, objective and isochoric elastic energies in the two-
dimensional case
Robert Martin, Ionel-Dumitrel Ghiba, Patrizio Neff
1181 Symmetry breaking in indented elastic cones
Heiner Olbermann, Sergio Conti, Ian Tobasco
S14.f - Thursday, March 10, 08:30 - 09:30 1183
1183 On qualitative properties of solutions to MEMS
Joachim Escher
1185 On the mathematical justification of the NLS approximation for hydrodynamic problems
Wolf-Patrick Düll
S14.g - Thursday, March 10, 13:30 - 15:30 1187
1187 Non-smooth PDEs in material failure: Towards dynamic fracture
Marita Thomas
1189 Convergence of alternate minimization schemes for phase field fracture and damage
Dorothee Knees
1191 Microstructure evolution via relaxation for a rate-independent elastic two-phase model
Alexander Mielke
1193 Analysis of the Cahn-Hilliard reaction system including a rate-dependent damage process
Arne Roggensack
1195 A derivation of linearized Griffith energies from nonlinear models in fracture mechanics
Manuel Friedrich
S14.h - Thursday, March 10, 17:00 - 19:00 1197
1197 Connecting Atomistic and Continuum Models of Nonlinear Elastodynamics
Julian Braun
1199 Homogenization in the Hencky plasticity setting
Martin Jesenko
1201 Homogenization of Discrete Systems with Degenerated Growth
Mathias Schäffner, Stefan Neukamm, Anja Schlömerkemper
1203 Validity of the NLS approximation for periodic quantum graphs
Steffen Gilg
1205 A Phase-Field Model for Phase Transitions in Porous Media
Martin Hoepker
1207 Interactions between dislocations on different slip planes
Peter Gladbach
S14.i1 - Friday, March 11, 08:30 - 09:30 1209
1209 Application of the Homogeneous Formalism for Analyzing Systems with Variable Mass
Stephan Brumme, Georg-Peter Ostermeyer
1211 Stability of Systems Arising in Gas Network Simulation
Sara Grundel, Sarah Roggendorf
1213 On Hahn polynomial expansion of a continuous function of bounded variation
René Goertz
S14.i2 - Friday, March 11, 08:30 - 09:30 1215
1215 Root finding of polynomials, complex analysis, geometry, and dynamics
Dierk Schleicher
1217 Convergence for gradient systems of slow and fast chemical reactions
Karo Disser, Matthias Liero, Jonathan Zinsl
S15.a - Tuesday, March 08, 08:30 - 09:30 1219
1219 Bayesian updating algorithms which map random variables
Hermann Matthies
1221 Bayesian update of the coeffficents of a model of turbulent flow through porous media
Noemi Friedman, Pradeep Kumar, Elmar Zander, Joachim Rang, Hermann G. Matthies
1223 System Identification and Forecasting with Recurrent neural Networks
Hans-Georg Zimmermann
S15.b - Tuesday, March 08, 17:00 - 19:00 1225
1225 Geometric Uncertainties in Finite Element Models of Mistuned Bladed Disks
Maxime Koebelé-Cousquer, Carsten Proppe
1227 Challenges in using polynomial chaos approximations for description of elastoplastic material responses
Bojana Rosic, Hermann G. Matthies
1229 Stochastic Upscaling of heterogeneous materials
Muhammad Sadiq Sarfaraz, Bojana Rosic´, Hermann G Matthies
1231 Spectral methods for an analysis of linear dynamical systems with uncertain parameters
Roland Pulch
1233 Linear elastic Fuzzy Finite Element Method with two fuzzy input parameters
Alex Dridger, Ismail Caylak, Rolf Mahnken
1235 SFEM for rubber-like materials at large deformations
Eduard Penner, Ismail Caylak, Alex Dridger, Rolf Mahnken
S15.c - Wednesday, March 09, 08:30 - 09:30 1237
1237 Optimal Control of a Stochastic Heat Equation Driven by Q-Wiener Processes
Christoph Trautwein, Peter Benner
1239 Optimal Experimental Design to Identify the Average Stress-Strain Response in Short Fiber-Reinforced Plastics
Felix Ospald, Roland Herzog
1241 Map-based stochastic turbulence modeling
Heiko Schmidt
S16.a - Tuesday, March 08, 08:30 - 09:30 1243
1243 Combined Newton-Kurchatov Method for Solving Nonlinear Operator Equations
Halyna Yarmola, Roman Iakymchuk, Stepan Shakhno
1245 Fixed point iterations with Hölder regularity
Matthew Tam
1247 solution of the suicide substrate kinetics with an O’Malley/Hoppensteadt approximation of a higher order
Bernd Feist
S16.b - Tuesday, March 08, 17:00 - 19:00 1249
1249 An efficient optimization method for mechanical shells considering cut-outs
Robert Dienemann, Axel Schumacher, Sierk Fiebig
1251 Step-size Adaptation in a Multi-objective Differential Evolution Algorithm
Christian Boblenz, Dieter Bestle
1253 Artificial Neural Networks for Solving Integral Equations
Maryam Pazouki, Sonia Seyedallaei, Dietmar P. F. Möller
1255 A modified metaheuristic optimization approach on the structural identification and damage detection of an
experimentally tested wind turbine supporting structure
Mahmoud Jahjouh, Udo Nackenhorst
1257 Bat algorithm for optimization of reinforced concrete columns
Gebrail Bekdas, Sinan Melih Nigdeli
1259 Tuning of mass dampers for preventing brittle fracture by employing teaching learning based optimization
Sinan Melih Nigdeli, Gebrail Bekdas
S16.c - Wednesday, March 09, 08:30 - 09:30 1261
1261 On recent development on linear convergence of alternating projections
Hieu Thao Nguyen, Russell Luke
1263 Lagrange Multipliers, (Exact) Regularization and Error Bounds for Monotone Variational Inequalities
Russell Luke
1265 A Reformulation of Sparse Optimization Problems using Complementarity-type Constraints
Alexandra Schwartz, Christian Kanzow, Oleg Burdakov, Michal Cervinka
S16.d - Wednesday, March 09, 14:30 - 15:30 1267
1267 A dual method for minimizing a nonsmooth objective over one smooth inequality constraint
Ron Shefi, Marc Teboulle
1269 On Optimality Conditions for Lipschitzian Nonsmooth Functions
Andrea Walther, Andreas Griewank
1271 A Method for the Minimization of Piecewise Smooth Objective Functions
Sabrina Fiege, Andreas Griewank, Andrea Walther
S16.e - Wednesday, March 09, 16:00 - 18:00 1273
1273 Plastic Limit Analysis and Optimum Design of Structures for Uncertain Conditions.
Majid Movahedi Rad
1275 Nonlinear Semidefinite Programming with Application to Robust Truss Topology Design under Uncertain Dy-
namic Loads
Anja Kuttich
1277 FEM Shakedown Analysis of Uncertain Structure by Chance Constraint Programming
Ngoc Trinh Tran, Thanh Ngoc Tran, H.G. Matthies, G.E. Stavroulakis
1279 Sensitivity of structural response with respect to uncertain loading, geometrical imperfections and deviations of
material properties.
Nikolai Gerzen, Franz-Joseph Barthold
1281 Structural design sensitivity analysis in context of non-linear buckling
Lukas Radau, Nikolai Gerzen, Franz-Joseph Barthold
1283 Robust Damping in Self-Excited Mechanical Systems
Dominic Jekel, Eoin Clerkin, Peter Hagedorn
S16.f - Thursday, March 10, 08:30 - 09:30 1285
1285 Modelling, simulation and optimal control of an elastic bridge under moving loads
Sven-Joachim Kimmerle
1287 Modellidentification by optimization in complex engineering applications
Kateryna Padalkina, Bernd Markert, Michael Herty
1289 An impulse control approach for optimal maintenance scheduling of a gas turbine
Michael Gröger
S16.g - Thursday, March 10, 13:30 - 15:30 1291
1291 Frequency Based Preconditioning And Smoothing For Shape Optimization
Jonas Kusch, Nicolas Gauger, Siegfried Müller, Stephan Schmidt
1293 An evolution equation based approach to topology optimization
Dustin Roman Jantos, Philipp Junker, Klaus Hackl
1295 The One-Shot Method in SU2
Lisa Kusch, Nicolas R. Gauger
1297 An extended cost estimation model for a multi-material topology optimization approach
Paul Falkenberg, Thomas Vietor, Sierk Fiebig
1299 On the calculation of Topological Derivatives considering an exemplary nonlinear material model
Katrin Weider, Axel Schumacher
1301 Optimisation of Structures with Inelastic Deformations
Jan Liedmann, Franz-Joseph Barthold
S16.h - Thursday, March 10, 17:00 - 19:00 1303
1303 Co-Sparse Tomographic Image Recovery: Performance Estimates and Large-Scale Programming
Stefania Petra
1305 Enhancing residual-based techniques with shape reconstruction features in Electrical Impedance Tomography
Nguyet Minh Mach
1307 Optimization of Model Parameters and Experimental Designs for a Global Marine Biogeochemical Model
Joscha Reimer, Jaroslaw Piwonski, Thomas Slawig
1309 Material flow problems on conveyor belts using a multi-scale model hierarchy
Marion Pfirsching, Simone Göttlich
1311 A dual bounded branch and bound algorithm for quadratic mixed integer problems
Kathinka Hameister, Simone Göttlich, Michael Herty
1313 Global Optimized Shape of Suborbital Space Vehicle
Adriana Nastase
S17.a - Tuesday, March 08, 08:30 - 09:30 1315
1315 The MATLAB Rational Krylov Toolbox
Stefan Güttel
S17.b - Tuesday, March 08, 17:00 - 19:00 1317
1317 An Eigensolver for Definite Matrix Pairs
Marija Miloloza Pandur
1319 Relative perturbation theory for quadratic eigenvalue problem
Peter Benner, Xin Liang, Suzana Miodragovic, Ninoslav Truhar
1321 Linearization of matrix polynomials arising from Hermite interpolation problem
Heike Fassbender, Javier Perez, Nikta Shayanfar
1323 Convergence Analysis of Extended LOBPCG for the Extreme Eigenvalue
Peter Benner, Xin Liang
1325 On Preconditioning of Real Linear Systems of equations with Complex Shifts
Hartwig Anzt, Edmond Chow, Jens Saak
1327 One-pass substitution in the Gilbert-Peierls sparse LU factorization
Robert Luce
S17.c - Wednesday, March 09, 08:30 - 09:30 1329
1329 Fast Tensor-structured Method for Calculation of the Bethe-Salpeter Excitation Energies
Venera Khoromskaya
1331 Efficient tensor approximation of PDE-related large algebraic problems with hidden structure
Boris Khoromskij
1333 Interconnection of singular values arising from tensor matricizations
André Uschmajew, Wolfgang Hackbusch
S17.d - Wednesday, March 09, 14:30 - 15:30 1335
1335 Efficient Linear Algebra for Uncertainty Quantification
Elisabeth Ullmann
1337 On the condition number of Gaussian and exponential correlation matrices
Ralf Zimmermann
S17.e - Wednesday, March 09, 16:00 - 18:00 1339
1339 A New Selection Operator for DEIM and Extensions to Structure-preserving Model Reduction
Serkan Gugercin
1341 A connection between time domain model order reduction and moment matching
Manuela Hund, Jens Saak
1343 On the Positive Definiteness of Cokriging Covariance Matrices
Anna Sauerbrei, Ralf Zimmermann
1345 Iterative methods for the delay Lyapunov equation with T-Sylvester preconditioning
Elias Jarlebring, Federico Poloni
1347 Numerical solution to low rank perturbed Lyapunov equations by the sign function method
Jonas Denißen, Peter Benner
S17.f - Thursday, March 10, 08:30 - 09:30 1349
1349 Adaptive coarse spaces for FETI-DP in three dimensions
Martin Kuehn, Axel Klawonn, Oliver Rheinbach
1351 Convergence analysis of coupling iterations for the unsteady transmission problem with mixed discretizations
Azahar Monge, Philipp Birken
1353 Invariance conditions in linear gradient elasticity from spatial and referential frame rotation
Ingo Münch, Patrizio Neff
S17.g - Thursday, March 10, 13:30 - 15:30 1355
1355 Hierarchical matrices in scattered data approximation
Sabine Le Borne
1357 Hierarchical matrix technique for maximum likelihood covariance estimation
Alexander Litvinenko, Marc Genton, Ying Sun, David Keyes
1359 A parallel implementation of the approximate component mode synthesis special finite element method in two
dimensions
Alexander Heinlein, Axel Klawonn, Oliver Rheinbach
1361 Scalability of Classical Algebraic Multigrid for Elasticity to Half a Million Parallel Tasks
Martin Lanser, Allison H. Baker, Axel Klawonn, Tzanio Kolev, Oliver Rheinbach, Ulrike Meier Yang
1363 Nonlinear Preconditioners - Towards Computing on the Extreme Scale
Axel Klawonn, Martin Lanser, Oliver Rheinbach
S17.h - Thursday, March 10, 17:00 - 19:00 1365
1365 A two-sided short-recurrence extended Krylov subspace method for nonsymmetric matrices
Marcel Schweitzer
1367 Stagnation of block GMRES and its relationship to block FOM
Kirk Soodhalter
1369 Fast Interior Point Solvers for PDE-Constrained Optimization
John Pearson
1371 Jacobian-free smoothers in multigrid methods for unsteady flows
Philipp Birken, Jonathan Bull, Antony Jameson
1373 Optimal Interpolation in Algebraic Multigrid Methods
Karsten Kahl
1375 Geometric Multigrid for the tight-binding Hamiltonian of Graphene
Nils Kintscher, Karsten Kahl
S17.i - Friday, March 11, 08:30 - 09:30 1377
1377 Numerical computation of the conformal map onto lemniscatic domains
Jörg Liesen
1379 On the Global Convergence of the Block Jacobi Method
Vjeran Hari, Erna Begovic´ Kovacˇ
1381 Topological solvability and index criteria for Differential-Algebraic Equations modeling liquid flow networks
Ann-Kristin Baum
S18.a - Tuesday, March 08, 08:30 - 09:30 1383
1383 Time-Domain Boundary Integral Equations for the Wave Equation
Marco Zank
1385 Asymptotic expansion techniques for singularly perturbed boundary integral equations
Kersten Schmidt, Ralf Hiptmair
1387 The shifted proper orthogonal decomposition: A mode decomposition for multiple transport phenomena
Julius Reiss, Philipp Schulze, Jörn Sesterhenn
S18.b - Tuesday, March 08, 17:00 - 19:00 1389
1389 Space–time finite and boundary element methods for parabolic problems
Olaf Steinbach
1391 A Discontinuous Galerkin Method for Fractional Differential Equations
Johanna Rubisch
1393 A non symmetric FVM-BEM coupling method
Christoph Erath, Günther Of, Francisco-Javier Sayas
1395 Multisymplectic variational integrators for PDEs of geometrically exact beam dynamics using algorithmic dif-
ferentiation
Thomas Leitz, Sigrid Leyendecker
1397 On the Rothe Method Applied to Operator DAEs
Robert Altmann
1399 High order time-adaptive methods for the incompressible Navier-Stokes equations
Joachim Rang
S18.c - Wednesday, March 09, 08:30 - 09:30 1401
1401 Variational integrators of higher order for constrained dynamical systems
Theresa Wenger, Sina Ober-Blöbaum, Sigrid Leyendecker
1403 Galerkin time integration schemes for small strain elastoplasticity
Bettina Schröder, Detlef Kuhl
1405 C1-continuous time integration based on Hamilton’s law of varying action
Janine C. Mergel, Roger A. Sauer, Sina Ober-Blöbaum
S18.d - Wednesday, March 09, 14:30 - 15:30 1407
1407 On accuracy and efficiency of the CESE-method of C.S.Chang used for one-dimensional unsteady flow compu-
tation
Herbert Niessner
1409 Modeling of mixed finite elements for anisotropic materials at finite strains
Alex Kraus, Peter Wriggers, Ferdinando Auricchio, Jörg Schröder
1411 An application of difference operators and the Boundary Element Method to plate analysis
Michał Guminiak
S18.e - Wednesday, March 09, 16:00 - 18:00 1413
1413 Advantages of Mean Value Coordinates in Numerical Solution Schemes based on Meshfree Methods
Christian Weißenfels, Peter Wriggers
1415 Two-dimensional discontinuous Galerkin Method: Application to small and large deformations
Tobias Steiner, Peter Wriggers, Carsten Carstensen
1417 A new mixed approach for discretizing Kirchhoff-Love plates
Katharina Rafetseder, Walter Zulehner
1419 Uncertainty Quantification for Two-Phase Flow in Heterogeneous Porous Media
Markus Köppel, Christian Rohde
1421 On certain finite approximations for discrete operator equations
Vladimir Vasilyev, Alexander Vasilyev
1423 Discontinuous approximation of viscous two-phase flow in heterogeneous porous media
Raimund Bürger, Sarvesh Kumar, Sudarshan Kumar Kenettinkara, Ricardo Ruiz-Baier
S18.f - Thursday, March 10, 08:30 - 09:30 1425
1425 A-posteriori error control for stationary coupled bulk-surface equations
Rüdiger Müller, Martin Eigel
1427 Adaptive stochastic Galerkin FEM with hierarchical tensor representations
Martin Eigel
1429 Maximum norm estimates for optimal control problems with Neumann boundary control on graded meshes
Sergejs Rogovs
S18.g - Thursday, March 10, 13:30 - 15:30 1431
1431 Multiscale Petrov-Galerkin Finite Element Method for Acoustic Scattering in Heterogeneous Media
Dietmar Gallistl, Daniel Peterseim, Donald L. Brown
1433 The discontinuous Petrov Galerkin Method for the Maxwell equations
Carsten Carstensen, Carsten Carstensen
1435 Relaxing the CFL condition for the wave equation on non-uniform meshes
Mira Schedensack, Daniel Peterseim
1437 Estimate for forces on curved boundaries with Raviart-Thomas elements
Fleurianne Bertrand, Gerhard Starke
1439 Maximum strategy for adaptive finite elements
Lars Diening
1441 Convergence of a Kacanov Iteration for the p-Poisson Equation
Lars Diening, Massimo Fornasier, Maximilian Wank
S18.h - Thursday, March 10, 17:00 - 19:00 1443
1443 Adaptive inexact spectral deferred correction methods for long-time integration
Martin Weiser, Sunayana Ghost
1445 Numerical analysis of boundary element methods for Maxwell’s eigenvalue problems
Gerhard Unger
S18.i - Friday, March 11, 08:30 - 09:30 1447
1447 Adaptive FEM for NURBS surface shells
Michael Weise
1449 Well-Balanced Entropy Stable DG Approximation for the Shallow Water Equations on Curvilinear Meshes
Niklas Wintermeyer, Andrew Winters, Gregor Gassner, David Kopriva
1451 Dual-Primal Isogeometric Tearing and Interconnecting solvers for multipatch continuous and discontinuous
Galerkin IgA equations
Christoph Hofer, Ulrich Langer
S19.a - Tuesday, March 08, 08:30 - 09:30 1453
1453 Optimal control of PDEs on surfaces
Michael Hinze
1455 Optimum experimental design by shape optimization of specimens in linear elasticity
Roland Herzog
1457 PDE Constrained Optimization on Shape Manifolds
Kathrin Welker
S19.b - Tuesday, March 08, 17:00 - 19:00 1459
1459 Optimal control of nonsmooth semilinear parabolic equations
Livia Susu, Christian Meyer
1461 Nonstationary optimal control problems with state constraints
Francesco Ludovici, Winnifried Wollner, Ira Neitzel
1463 On the Control of Time Discretized Dynamical Contact Problems
Georg Müller, Anton Schiela
1465 Sensitivity Analysis for Elliptic Variational Inequalities of the Second Kind: A Model Problem and Applications
in Optimal Control
Constantin Christof, Christian Meyer
1467 Sparse measure-valued optimal control problems governed by wave equations
Philip Trautmann, Boris Vexler, Karl Kunisch
1469 Optimal control of semilinear parabolic equations by BV-functions
Eduardo Casas, Florian Kruse, Karl Kunisch
S19.c - Wednesday, March 09, 08:30 - 09:30 1471
1471 Ivanov regularization for parameter identification in ellipic PDEs
Barbara Kaltenbacher, Christian Clason, Andrej Klassen, Franz Rendl, Elena Resmerita
1473 An iterative Bregman regularization method for optimal control problems with inequality constraints
Frank Pörner, Daniel Wachsmuth
1475 Energy functional approach for simultaneously identifying the diffusion matrix, reaction coefficient and source
term in an elliptic pde
Quyen Tam Nhan Tran
S19.d - Wednesday, March 09, 14:30 - 15:30 1477
1477 Optimal control of time discrete two-phase flow governed by a diffuse interface model
Harald Garcke, Michael Hinze, Christian Kahle
1479 Optimal Control for Fracture Propagation Modeled by a Phase-Field Approach
Ira Neitzel, Thomas Wick, Winnifried Wollner
1481 Parameter Identification in Climate Models Related to Oceanic CO2 Uptake: Analysis and Numerical Algorithms
Thomas Slawig, Christina Roschat, Claudia Kratzenstein, Reimer Joscha, Jaroslaw Piwonski, Malte Prieß
S19.f - Thursday, March 10, 08:30 - 09:30 1483
1483 Time transformed mixed integer optimal control problems with impacts
Maik Ringkamp, Sina Ober-Blöbaum, Sigrid Leyendecker
1485 On the relaxation gap for PDE mixed-integer optimal control problems
Falk Hante
1487 Worst Case Strategies for Optimal Control Problems with Uncertainties
Hilke Stibbe, Ekaterina Kostina
S19.g - Thursday, March 10, 13:30 - 15:30 1489
1489 Discretization of control constrained optimal control problems with higher order finite elements
Gerd Wachsmuth, Arnd Rösch
1491 Robust preconditioners for optimality systems using Isogeometric Analysis
Jarle Sogn, Walter Zulehner
1493 Space-Time Discretization of Parabolic Time-Optimal Control Problems
Lucas Bonifacius, Konstantin Pieper, Boris Vexler
1495 Block-diagonal preconditioning for optimal control problems constrained by PDEs with uncertain inputs.
Peter Benner, Akwum Onwunta, Martin Stoll
1497 Superconvergence results for Neumann boundary control problems on locally refined meshes
Max Winkler, Thomas Apel, Johannes Pfefferer
1499 Moving interfaces in Finite Element Methods: A fictitious domain approach
Sebastien Court
S19.h - Thursday, March 10, 17:00 - 19:30 1501
1501 On the Influence of Approximations used in Discrete Adjoint Methods for Optimization with the Reynolds-
Averaged Navier-Stokes Equations
Tim Albring, Nicolas R. Gauger
1503 Second Order Sufficient Conditions and Convergence Analysis of Approximations for Optimal Control Problems
subject to Index-One Differential-Algebraic Equations
Björn Martens, Matthias Gerdts
1505 Simultaneous PDE-constrained optimization in chaotic dynamics
Stefanie Günther, Nicolas Gauger, Qiqi Wang
1507 Adjoint-Based Optimal Boundary Control of a Stefan Problem System Fully Coupled with Navier-Stokes Equa-
tions
Björn Baran, Jan Heiland
1509 Optimal tracking control of probability density functions
Arthur Fleig, Lars Grüne, Roberto Guglielmi
1511 Induced optimization for PDE constrained optimal control problems with linearly appearing control variables
Georg Vossen
1513 Optimal control of bidomain-bath model
Nagaiah Chamakuri, Karl Kunisch
S19.i - Friday, March 11, 08:30 - 09:30 1515
1515 Optimal control problems of dynamical systems with sparsity functional
Dante Kalise, Karl Kunisch, Zhiping Rao
1517 A residual based snapshot location strategy for POD in distributed optimal control of linear parabolic equations
Alessandro Alla, Carmen Gräßle, Michael Hinze
1519 A certified trust-region reduced basis approach to PDE-constrained optimization
Elizabeth Qian, Martin Grepl, Karen Veroy, Karen Willcox
S20.a - Tuesday, March 08, 08:30 - 09:30 1521
1521 Stability and Feasibility of State-constrained Model Predictive Control
Andrea Boccia, Lars Grüne, Karl Worthmann
1523 Higher order variational integrators in optimal control theory
Sina Ober-Blöbaum
S20.b - Tuesday, March 08, 17:00 - 19:00 1525
1525 H-infinity Optimizing Controller Design for Large-Scale Dynamical Systems without Model-Order Reduction
Tim Mitchell, Michael L. Overton
1527 Model order reduction for linear controlled SDEs with Lévy noise
Martin Redmann, Peter Benner
1529 Stability preserving model reduction for linearly coupled linear time-invariant systems
Peter Benner, Sara Grundel, Petar Mlinaric´
1531 Structure-preserving input/ouput realization of dynamical systems
Benjamin Unger, Philipp Schulze, Christopher Beattie, Serkan Gugercin
1533 The benefits of restricting balanced truncation to small time or frequency intervals
Patrick Kürschner
1535 Structure-preserving balanced truncation for time fractional systems
Tobias Breiten
S20.c - Wednesday, March 09, 08:30 - 09:30 1537
1537 Port-Hamiltonian Realizations of Linear Time Invariant Systems
Christopher Beattie, Volker Mehrmann, Hongguo Xu
1539 Outer transfer functions of DAEs
Achim Ilchmann
1541 Inner-Outer Factorization for Differential-Algebraic Equations
Matthias Voigt, Timo Reis
S20.d - Wednesday, March 09, 14:30 - 15:30 1543
1543 Constant-input observability of DAEs
Ferdinand Küsters
1545 Stabilization of switched DAEs via fast switching
Stephan Trenn
1547 Exponential Stability and Stabilization of Nonlinear Systems via Extended Linearizations
Jan Heiland, Peter Benner
S20.e - Wednesday, March 09, 16:00 - 18:00 1549
1549 Stochastic Models in Vehicle and Rotor Dynamics: Velocity Jumps and Resonance Amplifications by Noise
Walter V. Wedig
1551 Identification and Tracking-Control for an Optomechatronical Image Derotator Using Neural Networks
Bettina Altmann, Benjamin Rohloff, Christian Pape, Eduard Reithmeier
1553 Local steering problem for a class of control-affine systems with application to crystallization processes
Alexander Zuyev, Peter Benner
1555 Control Law Design for an Elastic Suspended Winglet
Manuel Brüderlin, Norbert Hosters, Marek Behr
1557 Numerical Simulation of Air Flow in Model Room
Aleksandar C´oc´ic´, Mladen Brajovic´, Milan Lecˇic´
1559 Control Concepts for a Parallel Manipulator with Flexible Links
Merlin Morlock, Markus Burkhardt, Robert Seifried
S20.f - Thursday, March 10, 08:30 - 09:30 1561
1561 The Newton-Kleinman method for the optimal control of stable weakly regular linear systems
Arash Massoudi, Timo Reis
1563 Local Decomposition of Second Order Infinite-Dimensional Systems
Hubert Rams, Markus Schöberl, Kurt Schlacher
1565 On Notions of Input-to-State Stability for Infinite-Dimensional Systems
Andrii Mironchenko, Fabian Wirth
S20.g - Thursday, March 10, 13:30 - 15:30 1567
1567 Disturbance decoupling for descriptor systems by behavioral feedback
Thomas Berger
1569 Reliability of disturbance rejection control based on the geometrical disturbance decoupling
Atta Oveisi, Tamara Nestorovic´
1571 Suboptimal control of interconnected dynamical systems under disturbances via distributed feedbacks
Natalia Dmitruk
1573 Nonlinear moving horizon estimation under bounded disturbances
Matthias A. Müller
1575 Unimodular completion applied to mechanical systems in the context of differential flatness
Klemens Fritzsche, Carsten Knoll, Matthias Franke, Klaus Röbenack
1577 Some Remarks concerning Flatness and the Parameterization of the System Variables by a Flat Output
Bernd Kolar, Markus Schöberl, Kurt Schlacher
S20.h - Thursday, March 10, 17:00 - 19:00 1579
1579 Adaptive fuzzy sliding mode control of the cart-pole underactuated system
Wallace Moreira Bessa, Edwin Kreuzer
1581 Controllability of the powerslide of an automobile with different actuation inputs
Johannes Edelmann, Manfred Plöchl
1583 Further Improvements in High Gain Observer Design for Systems with Structured Nonlinearities
Mirko Franke, Klaus Röbenack
1585 A small-gain approach to networked control systems with asynchronous communication
Roman Geiselhart, D.P. Borgers, W.P.M.H. Heemels
1587 Normality - a key concept for analysis and design of multiple-input multiple-output control systems
Bernhard Lampe, Efim Rosenwasser
S21.d - Wednesday, March 09, 14:30 - 15:30 1589
1589 Incorporation of orthonormality and a priori knowledge into multiplicative NMF algorithms
Delf Lachmund, Pascal Fernsel, Tobias Boskamp, Peter Maaß
1591 Non-negative Dimensionality Reduction in Signal Separation
Sara Krause-Solberg
1593 Adaptive Local Iterative Filtering. A new way to decompose and analyze nonlinear and nonstationary signals
Antonio Cicone, Haomin Zhou, Jingfang Liu
S21.e - Wednesday, March 09, 16:00 - 18:00 1595
1595 Solution-driven adaptive total variation regularization
Frank Lenzen
1597 An algorithmic framework for Mumford-Shah regularization of inverse problems in imaging
Kilian Hohm, Martin Storath, Andreas Weinmann
1599 Data fusion of surface normals and point coordinates for deflectometric measurements of discontinuous surfaces
Birgit Komander
1601 Joint MR-PET reconstruction using nuclear-norm based multi-channel TGV regularization
Martin Holler, Kristian Bredies, Thomas Koesters, Florian Knoll, Daniel K Sodickson
1603 Rotation Invariance in Exemplar-based Image Inpainting
Massimo Fornasier, Martin Eller
1605 Visualizing Image Processing
Jan Lellmann
S21.f - Thursday, March 10, 08:30 - 09:30 1607
1607 Optimal frames
Emily King
1609 Frames as Convex Polytopes
Christian Kruschel
1611 On the Topology of Projective Shape Spaces
Florian Kelma, Thomas Hotz, John T. Kent
S21.g - Thursday, March 10, 13:30 - 15:30 1613
1613 Inhomogeneous Shearlet Coorbit Spaces
Fabian Feise
1615 Directional Anisotropic Multiscale Systems on Bounded Domains
Philipp Petersen
1617 A Parallel Douglas Rachford Algorithm for Restoring Images with Values in Symmetric Hadamard Manifolds
Johannes Persch
1619 Techniques for Gradient Based Bilevel Optimization with Nonsmooth Lower Level Problem
Peter Ochs
1621 Non-Binary Discrete Tomography by Continuous Non-Convex Optimization
Matthias Zisler, Jörg Hendrik Kappes, Claudius Schnörr, Stefania Petra, Christoph Schnörr
1623 On the Error Behaviour of the Filtered Back Projection
Matthias Beckmann, Armin Iske
S21.h - Thursday, March 10, 17:00 - 19:00 1625
1625 Deterministic sparse FFT algorithms
Katrin Wannenwetsch, Gerlind Plonka
1627 Sparse Reconstruction of Quantized Speech Signals
Christoph Brauer, Dirk Lorenz, Timo Gerkmann
1629 Iterative Phase Retrieval with Sparsity Constraints
Stefan Loock, Gerlind Plonka
1631 PROMP - Sparse Recovery of Integer-valued Signals.
Axel Flinth
1633 RIPless "block-based" Compressed Sensing with Analysis Prior and Applications to Magnetic Resonance Imag-
ing
Maximilian März
1635 Image Regularization with Sparse Vector Fields
Eva-Maria Brinkmann, Martin Burger, Joana Grah
S21.i - Friday, March 11, 08:30 - 09:30 1637
1637 A multivariate generalization of Prony’s method
Stefan Kunis, H. Michael Möller, Thomas Peter, Tim Römer, Ulrich von der Ohe
1639 Projection-based Parameter Estimation for Multivariate Exponential Sums
Benedikt Diederichs
1641 An OPUC approach for detection of hidden frequencies
Frank Filbir
S22.a1 - Tuesday, March 08, 08:30 - 09:30 1643
1643 Multirate finite step methods for partitioned differential equations
Andreas Naumann, Jörg Wensch
1645 Solving Differential Riccati Equations using Parareal
Martin Köhler, Jens Saak, Norman Lang
1647 High Speed Associative Accumulation of Floating-point Numbers and Floating-poinnt Intervals
Ulrich Kulisch, Gerd Bohlender
S22.a2 - Tuesday, March 08, 08:30 - 09:30 1649
1649 Schur Complement Based Preconditioning of the Stabilized Stokes Equations
Philipp Knechtges, Jakub Both, Lutz Pauli, Marek Behr, Stefanie Elgeti
1651 Optimal local approximation spaces for component-based static condensation procedures
Kathrin Smetana, Anthony T Patera
1653 An adjoint based pressure correction scheme
Julius Reiss
S22.b - Tuesday, March 08, 17:00 - 19:00 1655
1655 Discretization of evolutions of critical points and applications in fracture simulation
Massimo Fornasier
1657 TAMGARK: Time-Adaptive Multirate Generalized-Structure Additively Partitioned Runge-Kutta Schemes for
Mechanical Fluid-Structure Interaction Problems
Sascha Trübelhorn, Sigrun Ortleb
1659 Adaptive Modelling, Simulation and Optimization of Gas and Water Supply Networks
Pia Domschke
1661 A Novel Nonconforming Finite Element Substructuring Method For Solid Mechanics
Julian Krämer, Christian Wieners
1663 Coupled Thermo-Mechanical and Wear Effects on the Analysis of High Speed Railway Brake Systems.
Tarin Srisupattarawanit, Frank Schiefer, Georg -Peter Ostermeyer
S22.c1 - Wednesday, March 09, 08:30 - 09:30 1665
1665 Tools for assessing and optimizing the energy requirements of high performance scientific computing software
Kai Diethelm
1667 High performance optimization algorithms for interface identification problems
Martin Siebenborn
1669 Automated generation of performance values for Algorithmic Differentiation
Max Sagebaum, Tim Albring, Nicolas R. Gauger
S22.c2 - Wednesday, March 09, 08:30 - 09:30 1671
1671 High order space-time discretizations of a sixth order Cahn-Hilliard equation
Oleg Boyarkin, Ronald H.W. Hoppe, Christopher Linsenmann
1673 Low-Mode Averaging with a Multigrid Eigensolver in Lattice QCD
Benjamin Mueller, Gunnar Bali, Sara Collins, Andreas Frommer, Issaku Kanamori, Matthias Rottmann, Jakob
Simeth
1675 Multiscale modeling and simulation of calcium cycling in cardiac myocytes
Nagaiah Chamakuri, Martin Falcke, Wilhelm Neubert
S22.d - Wednesday, March 09, 14:30 - 15:30 1677
1677 An efficient linear solver for the hybridized discontinuous Galerkin method
Alexander Jaust, Jochen Schütz, Vadym Aizinger
1679 Efficient Parallelization of Discontinuous Galerkin Methods with Shock Capturing on Finite Volume Sub-Cells
Matthias Sonntag, Nicolas Gauger, Claus-Dieter Munz
1681 Cascadic multigrid in a spectral-element context
Immo Huismann, Jörg Stiller, Jochen Fröhlich
S22.e - Wednesday, March 09, 16:00 - 18:00 1683
1683 Computational Models in Computer Vision: Shape from Shading
Michael Breuß
1685 Operator algebras for Galerkin discretizations and their application to the fast assembly of boundary integral
operators
Timo Betcke, Wojciech Smigaj
1687 Solving Maxwell problems with BEM++
Matthew Scroggs, Timo Betcke, Erik Burman
1689 Using impedance transmission conditions in time domain – the application to thin sheets for the eddy current
model
Kersten Schmidt, Maxim Felde
S22.f - Thursday, March 10, 08:30 - 09:30 1691
1691 Lossy Compression for Efficient Time-Parallel PDE Solvers
Lisa Fischer, Sebastian Götschel, Alexander Kammeyer, Thomas Steinke, Martin Weiser, Florian Wende
1693 A Posteriori Error Estimation for Stationary Reaction-Convection-Diffusion Problems
Tatiana Samrowski, Martin Eigel
1695 Multigrid methods with space-time concurrency
Stephanie Friedhoff, Robert D. Falgout, Tzanio V. Kolev, Scott P. MacLachlan, Jacob B. Schroder, Stefan Vandewalle
S22.g - Thursday, March 10, 13:30 - 15:30 1697
1697 The carbuncle phenomenon: where does it occur and how can it be avoided
Friedemann Kemm
1699 Numerical simulation of glottal flow
Anna Hundertmark, Ragnar Lehmann, Marcus M. Hess, Frank Müller
1701 Efficient Time Integration of IMEX Type using Exponential Integrators for Compressible, Viscous Flow Simu-
lation
Veronika Straub, Sigrun Ortleb, Philipp Birken, Andreas Meister
1703 Kinetic energy preserving DG schemes based on summation-by-parts operators on interior node distributions
Sigrun Ortleb
1705 VINtunnel: an interactive flow solver using GPU and real time visualization
Thuong Nguyen, Olaf Hasemann, Jens Krüger, Thomas Fogal, Raphael Münster, Stefan Turek, Andreas Kempf
S22.h - Thursday, March 10, 17:00 - 19:00 1707
1707 Computational Methods for Bayesian Inversion in Infinite Dimensions
Oliver Ernst
1709 Model order reduction of dynamic skeletal muscle models
Mylena Mordhorst, Daniel Wirtz, Oliver Röhrle
1711 Interpolatory Techniques for Model Reduction of Quadratic Bilinear Systems
Mian Ilyas Ahmad, Ulrike Baur, Peter Benner
1713 Sensitivity Analysis of the Design Parameters for the Calibration of Cable-driven Parallel Robots
Sebastian Reicherts, Sebastian Blume, Christopher Reichert, Dieter Schramm
1715 Fast Solvers for Coupled PDE problems with Applications in Porous Media Science
Arne Nägel
S23.b - Tuesday, March 08, 17:00 - 19:00 1717
1717 Product formulas for non-autonomous evolution equations
Andras Batkai
1719 Lp-contractivity via invariance of closed convex sets for non-autonomous evolution equations
Hendrik Vogt
1721 Time-discretisation methods for non-autonomous evolution equations
Hafida Laasri
1723 Some new results on non-autonomous linear evolution equations
Jochen Schmid
1725 Recent Zero-Two-Laws for cosine families
Felix Schwenninger
1727 Perturbation Theory for Positive Operators
Jens Wintermayr
S23.d - Wednesday, March 09, 14:30 - 15:30 1729
1729 Frames and Operator Theory
Ole Christensen
1731 On point interactions with a reservoir
Johannes Brasche
1733 G-convergence and the weak operator topology
Marcus Waurick
S23.e - Wednesday, March 09, 16:00 - 18:00 1735
1735 Stability of semi-linear abstract differential equations
Hans Zwart
1737 Boundary Feedback Stabilisation of a Class of First-Order Hyperbolic Partial Differential Equations
Björn Augner
1739 Wellposedness of Hyperbolic Partial Differential Equations on the Semiaxis
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07.03.2016 14:00 Jan Delfs Audimax
Sound and turbulent shear flows
Jan Delfs (DLR Braunschweig)
Turbulent flow does not only generate sound but turbulent flow also changes the propagation of
sound due to refraction and scattering. Both, the generation and the propagation mechansims
are highly complex phenomena. Although not for any application, and still restricted to small
Reynolds numbers the numerical prediction of turbulence related sound phenomena appears
to be within reach. However, just like for the measurement of aero-sound, it is a challenge
to decide whether the acoustic data obtained are reasonable or a result of some artefact in the
simulation or the experiment. In spite of any progress in ”data generation” either numerially
or experimentally, the modeling of the essential mechanisms stays as important as it ever
was. Physical modeling reduces the observations to the essentials by proper simplifaction
and establishes the link to basic mechansims, which in turn lead to understanding and an
assessment of numerical or experimental data. Moreover, ideas for either new technologies
or new prediction methods typically build upon at least a conceptual understanding of the
involved physics, which again underlines the everlasting need for models.
By means of examples, originating from engineering application in aeronautics the lecture
discusses some complex problems in aeroacoustics with an attempt to link some of the findings
to generic physical mechansims by means of simple modeling. The lecture is devided into
two main parts, one devoted to the generation of sound in turbulent shear flows, the other one
discussing sound propagation in turbulent shear flows.
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07.03.2016 15:00 Brian D. O. Anderson Audimax
The Mathematics of Formation Control
Brian D. O. Anderson (Australian National University)
Formations of mobile agents, including unmanned airborne vehicles, may often be used to
localize objects in the environment, and many control problems arise. For example, often, such
formations should take up a particular shape. What needs to be measured and what needs to
be controlled to maintain a prescribed shape? Can control be distributed, i.e. can one arrange
for each agent just to observe its neighbors and act appropriately, and yet have the whole
formation behave correctly? How can a desired shape be established? What is the effect of
noise distorting the measurements? How can an entire formation shape be preserved while the
formation translates from A to B? The resolution of these questions draws ideas from diverse
mathematical subfields, including graph theory, dynamical systems, Riemannian manifolds
and Morse theory. The lecture will illustrate a number of these problems, particularly the
mathematical tools involved in resolving them.
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08.03.2016 10:00 Christian Kähler Audimax
Large-scale structures in turbulent boundary layers
Christian Kähler (Universität der Bundeswehr München)
Turbulent boundary layers are still the subject of intense scientific investigations and with the
increasing strength of numerical and experimental techniques, more features of the turbulent
motion can be resolved that enhance our picture of near wall turbulence. Due to the enormous
progress in optical field measurement techniques (PIV / PTV), today it is possible to non-
intrusively sample the flow, even at high Reynolds numbers, with micron resolution in all three
spatial directions. This allows for investigations of the scaling of statistical flow quantities and
near wall flow effects, such as the small reverse flow events in the near wall region recently
predicted in numerical flow simulations. Moreover, it is possible to record turbulent boundary
layer features over a large domain in order to study the coherent large scale flow features,
such as turbulent superstructures and their scaling. Within this presentation, the large and
small scale features of various high Reynolds number turbulent boundary layer flows will be
discussed and the link or interaction between the coherent structures will be illuminated.
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08.03.2016 11:00 Ilaria Perugia Audimax
Non standard finite elements for wave problems
Ilaria Perugia (University of Vienna)
Over the last years, finite element methods based on operator-adapted approximating spaces
have been developed in order to better reproduce physical properties of the analytical solu-
tions, and to enhance stability and approximation properties. They are based on incorporat-
ing a priori knowledge about the problem into the local approximating spaces, by using trial
and/or test spaces locally spanned by functions belonging to the kernel of the differential oper-
ator (Trefftz spaces). These methods are particularly popular for wave problems in frequency
domain. Here, the use of oscillating basis functions allows to improve the accuracy vs. com-
putational cost, with respect to standard polynomial finite element methods, and breaks the
strong requirements on number of degrees of freedom per wavelength to ensure stability.
In this talk, the basic principles of Trefftz finite element methods for time-harmonic wave
problems will be presented. Trefftz methods differ from each other by the way interele-
ment continuity conditions are imposed. We will focus on discontinuous Galerkin approaches,
where the approximating spaces are made of completely discontinuous Trefftz spaces, and on
the recent virtual element framework, which allows for the construction of Trefftz-enriched
continuous spaces on general polytopic meshes. The application of the Trefftz paradigm to
space-time approximations of wave problems in time domain will also be discussed.
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08.03.2016 16:00 Gerlind Plonka-Hoch Audimax
Prony’s Method: Parameter identification and sparse approximation
Gerlind Plonka-Hoch (University of Göttingen)
In signal analysis, we often have some a priori knowledge about the underlying structure of
the wanted signal that we need to exploit suitably. Using this structure, we are faced with the
problem of determining a certain number of parameters from the given signal measurements.
Considering for example a structured function of the form
f (ω) =
M
∑
j=1
c j eωTj
with (unknown) complex parameters c j and Tj, j= 1, . . . ,M, and assuming that−pi < ImTj <
pi , we aim to reconstruct c j and Tj from a given small amount of (possibly noisy) measurement
values f (`).
In recent years, the Prony method has been successfully applied to different inverse problems
as e.g. for approximation of Green functions in quantum chemistry or fluid dynamics, for lo-
calization of particles in inverse scattering, for parameter estimation of dispersion curves of
guided waves, and for analysis of ultrasonic signals. The renaissance of Prony’s method origi-
nates from some modifications of the algorithm described above that considerably stabilize the
original approach, as e.g. the ESPRIT method, the matrix pencil method or the approximate
Prony method.
In this talk, we give a review on Prony’s method and its relations to system identification, to
the annihilating filter method in signal analysis, to sparse interpolation in computer algebra, to
rational approximation and to the recovery of signals with finite rate of innovation. We will in-
troduce a new general approach for the reconstruction of sparse expansions of eigenfunctions
of suitable linear operators. This new insight provides us with a tool to unify all Prony-like
methods on the one hand and to essentially generalize the Prony approach on the other hand. In
particular, we will show that all well-known Prony-like reconstruction methods for exponen-
tials and polynomials known so far, can be seen as special cases of this approach. Moreover,
the new insight into Prony-like methods enables us to derive new reconstruction algorithms for
expansions of orthogonal polynomials. Moreover, we can derive a deterministic reconstruc-
tion method for M-sparse vectors that can be used to construct fast sparse Fourier transform
algorithms. The results presented here have been obtain in collaboration with Thomas Peter,
Manfred Tasche, Marius Wischerhoff and Katrin Wannenwetsch.
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08.03.2016 19:30 Joachim Block Audimax
ROSETTA – Aufbruch zu den Ursprüngen des Sonnensystems
Joachim Block (DLR)
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09.03.2016 10:00 Martin Stoll Audimax
Fast Iterative Solvers for PDE-constrained optimization
Martin Stoll (MPI Magdeburg)
Models based on partial differential equations (PDE) play an importantrole throughout math-
ematics, engineering, and life sciences. Thesolution of forward models has been a core prob-
lem in numerical analysisfor the past decades. With mathematical and algorithmic advances
morechallenging tasks could be tackled and much research has been devoted tocompute ’op-
timal setups’ of the governing equations. In manyapplications it is of paramount importance
to compute the parameters,forcing terms, etc. of the PDE that best match measured data or
describea desired behaviour. Such problems are often formulated as optimizationproblems
with PDE-constraints.This field has seen much progress over the last years in terms of abetter
understanding of the mathematical structures and correspondinglythe development of efficient
numerical techniques to solve theseproblems. Our field of interest is the solution of the linear
systemsthat are often the computational bottleneck of the optimizationprocedure. This can
be either representing the first order conditions oras part of a nonlinear outer solver such as
Newton’s method. Ourapproach follows a strategy where we solve the system in a mono-
lithicmanner, i.e., discretizing in space and time and then solving a largespace-time linear
system. It is in many cases possible to deriveefficient preconditioners for these systems in
saddle point form.Nevertheless, the problems suffer from the curse ofdimensionality, which
means that refining spatial or temporaldimensions will result in an exponential increase of the
matrixdimensions and thus the computational effort. To break this curse weintroduce a low-
rank in time approach that utilizes the structure of thelinear system and allows the solution
of a parabolic problem at only asmall multiple of the cost of the steady state problem. With
recentprogress made in the field of tensor solvers, we further show how thisapproach extends
to tasks with an even higher dimensionality such asproblems with uncertain coefficients.
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09.03.2016 10:45 Josef Kiendl Audimax
Isogeometric Methods in Structural Mechanics
Josef Kiendl (TU Braunschweig)
Isogeometric analysis (IGA) is a new approach in computational mechanics where functions
used to describe geometries in CAD are adopted for analysis, aiming at a better integration of
design and analysis. Non-Uniform Rational B-Splines (NURBS), the standard technology in
CAD modeling tools, are used as basis functions in IGA. In various studies, IGA has proven
superior approximation properties compared to standard finite element analysis for many dif-
ferent applications, which is attributed to the higher order and continuity of the NURBS basis
functions.
In structural mechanics, the high inter-element continuity provides a significant advantage for
the implementation of the classical theories for thin structures, such as the Kirchhoff-Love
shell theory. Such “thin shell” theories typically require smooth basis functions, which has al-
ways been a major obstacle for an efficient implementation with finite elements and promoted
the development of shell formulations based on the Reissner-Mindlin theory. Within IGA, the
necessary continuity is provided naturally and efficient Kirchhoff-Love element formulations
can be developed, avoiding various problems typically encountered in Reissner-Mindlin type
finite elements, such as shear locking or finite rotations (no rotational degrees of freedom are
needed). In this presentation, an isogeometric framework for nonlinear Kirchhoff-Love shell
analysis is presented, as well as its application in different fields of engineering, including
fluid-structure-interaction (FSI), fracture mechanics, biomechanics, and shape optimization,
which demonstrate the potential of this approach. Furthermore, it is shown that the continuity
properties of IGA can also be exploited in the context of shear deformable, or “thick”, struc-
tural theories, and innovative formulations are developed with only one unknown variable,
similar to the “thin” theories, but accounting for shear deformation. Besides being rotation-
free, these formulations also completely avoid the classical shear locking problem and could
constitute a new paradigm for the development of shear deformable structural elements.
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10.03.2016 10:00 Omar Ghattas Audimax
Uncertainty Quantification for Large-Scale Models: From Data to Inference to Opti-
mization
Omar Ghattas (University of Texas in Austin)
In recent years there has been increasing recognition of the critical role of uncertainty quantifi-
cation (UQ) in all phases of computational science & engineering (CSE). The need to account
for uncertainties is becoming urgent as the fidelity of CSE models grows and they become
accepted surrogates for reality, used increasingly for decision making about critical techno-
logical and societal systems.
The need to quantify uncertainties arises in the three fundamental tasks of CSE: (1) The in-
verse problem: given a model, (possibly noisy) observational data, and any prior knowledge
of model parameters, infer unknown parameters and their uncertainties by solving a statisti-
cal inverse problem. (2) The prediction (or forward) problem: once model parameters and
uncertainties have been estimated from data, propagate the resulting probability distributions
through the model to yield predictions of quantities of interest with quantified uncertainties.
(3) The optimization problem: given an objective function representing stochastic predictions
of quantities of interest and decision variables (design or control) that can be manipulated to
influence the objective, solve the optimal control or design problem governed by the stochastic
forward problem to produce optimal values of these variables.
Fundamentally, what ties these three problems classes together is the need to explore pa-
rameter space, where each point in parameter space entails a large scale forward model solve.
Unfortunately, the use of conventional Monte Carlo methods to explore parameter space is pro-
hibitive, especially when large complex models (e.g., PDEs) and high-dimensional stochastic
parameter spaces (e.g., representing discretized fields) are involved.
We believe the key to overcoming the severe challenges entailed by UQ for complex mod-
els is to recognize that beneath the apparently high-dimensional inversion, prediction, and
optimization problems lurk much lower dimensional manifolds that capture the maps from
uncertain parameters to outputs of interest (observables, prediction quantities, optimization
functionals). Thus, these problems are characterized by their much smaller intrinsic dimen-
sions. Here we introduce a framework for exploiting this problem structure that is based on
local Taylor approximations of the parameter-to-output maps, in combination with random-
ized linear algebra techniques. In examples involving geophysical models (Antarctic ice sheet
flow, subsurface flow), we demonstrate that the cost of solving the forward, inverse, and op-
timization problems—when measured in PDE model solves—is independent of the problem
dimension.
This work is joint with Alen Alexanderian (NCSU), Tobin Isaac (Chicago), Noemi Petra (UC
Merced), and Georg Stadler (NYU).
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10.03.2016 11:00 Christoph Woernle Audimax
HiL simulation for testing human joint endoprostheses
Christoph Woernle (University Rostock)
Instabilities of artificial joints are prevalent complications in total joint arthroplasty. In order to
investigate failure mechanisms like dislocation of total hip replacements or instability of total
knee replacements a novel test approach is introduced by means of a hardware-in-the-loop
(HiL) simulation combining the advantages of an experimental with a numerical approach.
The HiL simulation is based on a six-axis industrial robot and a musculoskeletal multibody
model. Within the multibody model, the anatomical environment of the correspondent joint is
represented such that the soft tissue response is considered during an instability event. Hence,
the robot loads and moves the real implant components according to the data provided by the
multibody model while transferring back the relative displacement of the implant components
and the resisting moments recorded. HiL simulations provide a new biomechanical testing
tool which enables comparable and reproducible investigations of various joint replacement
systems with respect to their instability behaviour under realistic movements and reproducible
physiological load conditions.
The HiL test system for total hip replacements was validated against in vivo data derived from
patients with instrumented implants showing that the system is able to reproduce comparable
joint dynamics as present in vivo. The impact of certain test conditions, such as joint lubrica-
tion, implant position, load level in terms of body mass and removal of muscle structures, was
evaluated within several HiL simulations.
HiL testing of total knee replacements is more complex as the kinematic and dynamic behavior
of the knee joint depends to a great extent on the elastic properties of the ligament system to be
described in the simulation model. For this purpose a method to identify the elastic behavior
of individual ligaments from their contribution to the overall spatial stiffness of the knee joint
is under development. A robot under hybrid position/force control moves and loads a human
cadaveric knee in different stages of ligament resection.
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10.03.2016 16:00 Ben Schweizer Audimax
Resonance phenomena of small objects and the construction of meta-materials with
astonishing properties
Ben Schweizer (University of Dortmund)
We know resonance effects from daily life: In a classical instrument, vibrations of some part
of the instrument are amplified by resonance in the sound body. Typically, the resonator has
a size that is related to the frequency: the larger the instrument, the lower the tone. In this
talk we discuss resonators for light and sound waves that are small in size, much smaller than
the wave-length. The assembly of many small resonators can act as a meta-material with
astonishing properties: As a sound absorber or as a material with negative index. Our first
example are small Helmholtz resonators, we investigate their frequency and the behavior of
the corresponding meta-material. The second example are split-ring resonators for Maxwell’s
equations and the negative refraction of light. We conclude with some comments on negative
index cloaks: These resonators lead to the invisibility of small objects in their vicinity.
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11.03.2016 10:00 Britta Nestler Audimax
Large Pattern formation studies by large-scale phase-field simulations
Britta Nestler (University Karlsruhe)
Phase-field modelling has become a fairly versatile technique for the treatment of microstruc-
ture formation and phase transition problems. It usually operates on a mesoscopic length-
scale exploring microstructural characteristics at a micrometer resolution. With this scope, the
method serves as the bonding chain between atomistic and macroscopic simulation schemes.
Herewith, the phase-field method plays a centrol role in multiscale materials modelling and
naturally desires the exploitation of large representative volume elements. Furthermore, the
combination of phase-field modelling with multiphysics applications such as heat and mass
transfer, continuum mechanics, fluid flow, micromagnetism and electrochemistry has been
achieved. Incorporating multiscale and multiphysics, phase-field modelling is central for the
future technology „Integrated Computational Materials Engineering (ICME)” as it allows for
a medium of information transfer between both, experimentalists and modellers as well as
between different materials modelling methods. In the overview talk, we present a novel for-
mulation of a general phase-field model for multicomponent material systems based on a grand
potential formalism and discuss techniques to efficiently transfer thermodynamic databases to
provide direct access to the Gibbs free energies of the different phases. Alloy systems with
three or more chemical species can form a broad variety of different microstructures depend-
ing on physical parameters and processing conditions. To investigate the diversity of pattern
formations, a full three dimensional modelling is mandatory and requires intense computa-
tional power. We choose a ternary eutectic alloy to demonstrate the power of high performance
computations for describing the physical mechanisms of experimentally observed phase order-
ing during solidification and to derive morphology transition diagrams. Using advanced data
analysis tools and principal component algorithms, we illustrate the necessity of massively
parallel high performance computing techniques to resolve the microstructures in sufficiently
large representative volume elements. As another example of large-scale 3D computations,
we apply the phase-field method to study wetting phenomena of immisible and compound
droplets on flat, porous and chemically structured substrates. By combining the phase-field
method with elasto-plastic models, we show a detailled view into the stress-strain evolution
and crack propagation in polycrystalline grain structures.
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11.03.2016 11:00 Ragnar-Olaf Buchweitz Audimax
The McKay Correspondence Then and Now
Ragnar-Olaf Buchweitz (Uni Toronto)
In his treatise on "Symmetry", Hermann Weyl credits Leonardo Da Vinci with the insight that
the only finite symmetry groups in the plane are cyclic or dihedral.
Reaching back even farther, had the abstract notion been around, Euclid’s Elements may well
have ended with the theorem that only three further groups can occur as finite groups of rota-
tional symmetries in 3-space, namely those of the Platonic solids. Of course, it took another
22 centuries for such a formulation to be possible, put forward by C.Jordan (1877) and F.Klein
(1884).
Especially Klein’s investigation of the orbit spaces of those groups and their double covers, the
binary polyhedral groups, is at the origin of singularity theory and in the century afterwards
many surprising connections with other areas of mathematics such as the theory of simple
Lie groups were revealed in work by Grothendieck, Brieskorn, and Slodowy in the 1960’s
and 70’s. A beautiful and comprehensive survey of that side of the story was given by G.-M.
Greuel in the extended published version of his talk at the Centennial Meeting of the DMV in
1990 in Bremen.
It came then as a complete surprise when J.McKay pointed out in 1979 a very direct, though
then mysterious relationship between the geometry of the resolution of singularities of these
orbit spaces and the representation theory of the finite groups one starts from. In particular, he
found a remarkably simple explanation for the occurrence of the Coxeter-Dynkin diagrams in
the theory.
This marks essentially the beginning of "Noncommutative Singularity Theory", the use of
representation theory of not necessarily commutative algebras to understand the geometry of
singularities, a subject area that has exploded during the last decade in particular because of
its role in the mathematical formulation of String Theory in Physics.
In this talk I will survey the beautiful classical mathematics at the origin of this story and then
give a sampling of recent results and of work still to be done.
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07.03.2016 16:30 Jonathan Zinsl Pockelsstrasse 2, Raum PK2.1
Exponential convergence to equilibrium in a Poisson-Nernst-Planck-type system
Jonathan Zinsl (Technische Universität München)
In my talk, I will present a Poisson-Nernst-Planck type system in three spatial dimensions
where the strength of the electric drift depends on a possibly small parameter and the particles
are assumed to diffuse quadratically. I describe results on the long-time behaviour of weak
solutions constructed by the minimizing movement scheme (Kinderlehrer, Monsaingeon and
Xu, 2015), exploiting the formal Wasserstein gradient flow structure of the system. Under the
assumption of uniform convexity of the external confinement potentials, the system possesses
a unique steady state. If the strength of the electric drift is sufficiently small, convergence of
weak solutions to equilibrium occurs at an exponential rate. I will illustrate the method of
proof which is based on entropy-dissipation methods and abstract gradient flow theory.
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07.03.2016 16:50 Julian Fischer Pockelsstrasse 2, Raum PK2.1
Optimal stochastic estimates for correctors in stochastic homogenization in the case of
weak decorrelation
Julian Fischer (Max Planck Institute for Mathematics in the Sciences), Felix Otto (Max
Planck Institute for Mathematics in the Sciences)
We establish estimates on the corrector in the context of stochastic homogenization of linear
elliptic PDEs. In the case of weak decorrelation and Gaussian-like coefficient fields, we obtain
estimates for the corrector with optimal (stretched exponential) stochastic moments. The result
is based on estimates on the Malliavin derivative for certain functionals which are basically
averages of the gradient of the corrector, on concentration of measure, and on a mean value
property for a-harmonic functions.
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07.03.2016 17:10 Elisa Davoli Pockelsstrasse 2, Raum PK2.1
Stress regularity for a new quasistatic evolution model of perfectly plastic plates
Elisa Davoli (University of Vienna)
In this talk we will dicuss some properties of solutions to a quasistatic evolution problem for
perfectly plastic plates, that has been recently derived from three-dimensional Prandtl-Reuss
plasticity. We will prove that the stress tensor has locally square-integrable first derivatives
with respect to the space variables. We will also exhibit an example showing that the model
under consideration has in general a genuinely three-dimensional nature and cannot be reduced
to a two-dimensional setting. The talk is based on a joint work with Prof. Maria Giovanna
Mora.
31

07.03.2016 17:30 Agnes Lamacz Pockelsstrasse 2, Raum PK2.1
Overdamped limit of the Vlasov-Fokker-Planck equation: A variational approach
Agnes Lamacz (TU Dortmund)
Coarse-graining is the procedure of approximating a complex system by a simpler or lower-
dimensional one, often in some limiting regime. Coarse-graining limits are by nature singular
limits, since information is lost in the coarse-graining procedure. Therefore rigorous proofs
of such limits typically hinge on exploiting certain structural features of the equations such
as variational-evolution structures, which are present in many gradient flows. In this talk we
introduce and discuss such a variational structure arising from the theory of large deviations for
stochastic processes. We show how in systems, which are characterized by a large deviation
rate functional, passing to a limit is facilitated by the duality structure that a rate functional
inherits from the large-deviation context, in a way that meshes particularly well with coarse-
graining. As an example we use the technique to derive the large friction (overdamped) limit
of the Vlasov-Fokker-Planck equation. The talk is based on a joint work with M. Hong Duong,
Mark A. Peletier and Upanshu Sharma.
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07.03.2016 17:50 Giuliano Lazzaroni Pockelsstrasse 2, Raum PK2.1
Dynamic fracture: existence and uniqueness of evolutions for a simplified peeling test
Giuliano Lazzaroni (SISSA), Gianni Dal Maso (SISSA), Lorenzo Nardini (SISSA)
We present a simplified model of dynamic crack propagation, where the equation of elasto-
dynamics is coupled with Griffith’s principle. In recent years there has been an increasing in-
terest in studying systems where rate-dependent equations are coupled with rate-independent
flow rules. Despite a number of papers devoted to regularised models, only partial results are
available for dynamic fracture and heavy mathematical difficulties have to be overcome. In
our work we deal with a problem of debonding propagation for a one-dimensional thin film,
partially glued on a substrate and subject to oscillations in the debonded part. We provide
existence and uniqueness results for dynamic evolutions and study the limit as the speed of
external loading tends to zero. We establish the properties of the limit solution and see that in
general it does not coincide with the expected quasistatic limit.
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07.03.2016 18:10 Sina Reichelt Pockelsstrasse 2, Raum PK2.1
Homogenization of Cahn–Hilliard-type equations via evolutionary Gamma-
convergence
Sina Reichelt (WIAS), Matthias Liero (WIAS)
In the paper [1] we discuss two approaches to evolutionary Γ-convergence of gradient systems
in Hilbert spaces. The formulation of the gradient system is based on two functionals, namely
the energy functional and the dissipation potential, which allows us to employ Γ-convergence
methods. In the first approach we consider families of uniformly convex energy functionals
such that the limit passage of the time-dependent problems can be based on the theory of
evolutionary variational inequalities as developed by Daneri and Savaré 2010. The second
approach uses the equivalent formulation of the gradient system via the energy-dissipation
principle and follows the ideas of Sandier and Serfaty 2004.
We apply both approaches to rigorously derive homogenization limits for Cahn–Hilliard-type
equations. Using the method of weak and strong two-scale conver- gence via periodic unfold-
ing, we show that the energy and dissipation functionals Γ-converge. In conclusion, we will
give specific examples for the applicability of each of the two approaches.
[1] M. Liero and S. Reichelt: Homogenization of Cahn–Hilliard-type equations via evolution-
ary Γ-convergence, WIAS Preprint No. 2114 (2015).
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07.03.2016 16:30 Patrik Christen Pockelsstrasse 2, Raum PK2.2
Quantifying and predicting the mechanoregulation of bone tissue remodelling
Patrik Christen (ETH Zurich)
The question of how bone is capable of adapting itself to mechanical loading has intrigued
people for over a century. But although theories to explain this phenomenon such as Wolff’s
law or later the Mechanostat were proposed, and although we have learned much about bone
biology and bone remodelling in the past few years, the mechanism behind mechanical bone
adaption has remained unclear and hypothetical.
Here I present numerical and imaging methods that finally enabled to quantify the mechanoreg-
ulation of bone tissue remodelling in vivo in humans [1]. Local tissue loading was calculated
using micro-finite element analysis where 3D high-resolution computed tomography bone
images are transformed into hexahedral 8-node brick elements. Local changes in the bone mi-
crostructure and thus sites of bone remodelling were determined by first registering baseline
and 2-year follow-up images from a patient study, subtract their density value, and categorize
voxels according to their change in density either into an unchanged, resorption, or formation
site.
Correlating local tissue loading and sites of bone remodelling showed that, at the micro-level,
low and high tissue loading trigger bone resorption and formation, respectively. Bone resorp-
tion frequency peaks at low strain energy density (SED), whereas bone formation frequency
peaks at high SED. The strong correlation between local tissue loading and sites of bone re-
modelling indicates that bone remodelling is to a large extent regulated by mechanical cues
although biological influences are present as well since the SED histograms of bone resorption
and formation regions overlap considerably. Nevertheless, the mechanical signal seems to be
very strong and would therefore be ideal for serving as main mechanism to predict bone tissue
remodelling. Such bone tissue remodelling predictions have been achieved by applying this
simple local mechanical rule [2,3]. Coupled with a molecular signalling model, future studies
may also account for biological factors.
References
[1] P. Christen et al. (2014). Bone remodeling in humans is load-driven but not lazy. Nature
Communications, 5: 4855.
[2] R. Huiskes et al. (2010). Effects of mechanical forces on maintenance and adaptation of
form in trabecular bone. Letters to Nature, 405: 704-706.
[3] P. Christen et al. (2012). Patient-specific bone modelling and remodelling simulation
of hypoparathyroidism based on human iliac crest biopsies. Journal of Biomechanics,
45(14): 2411-2416.
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07.03.2016 16:50 Antonio Bolea Albero Pockelsstrasse 2, Raum PK2.2
On the modelling of finite growth considering the mechanics of cell division
Antonio Bolea Albero (TU Braunschweig), Markus Böl (TU Braunschweig)
The self-reproduction ability of mitotic cells results in an increase of the number of cells with
the same characteristics. While cells grow in volume and divide themselves, the growing body
consequently increases in volume. Aim of this work is to develop a continuum model for finite
volume growth. The model considers the orientation of cell division for the computation of
volume growth. When loads are applied to a growing body, cell division is reorientated follow-
ing the main direction of the stresses. Three-dimensional examples for different growth cases
are shown and discussed in order to illustrate the behaviour of the new modelling approach.
41

07.03.2016 17:10 Sandra Loerakker Pockelsstrasse 2, Raum PK2.2
Growth and remodeling of tissue-engineered heart valves
Sandra Loerakker (Eindhoven University of Technology), Bart Sanders (Eindhoven Univer-
sity of Technology), Frank P.T. Baaijens (Eindhoven University of Technology)
The currently available heart valve prostheses do not consist of living tissue and, hence, they
cannot grow or remodel in response to changing demands. Tissue-engineered heart valves
(TEHVs) may be able to overcome this limitation due to their inherent growth and remod-
eling capacity. Unfortunately, the functionality of TEHVs often decreases over time due to
adverse tissue remodeling. Since mechanical factors play an important role in the remod-
eling process of cardiovascular tissues, understanding the interplay between mechanics and
remodeling is crucial for developing TEHVs with long-term functionality. In this talk, we
will discuss the contribution of computational modeling towards developing a rational design
for TEHVs, which should induce physiological growth and remodeling as well as long-term
functionality.In the first part, we will discuss the importance of the (initial) valve design in
terms of geometry and material properties, for ensuring a physiological deformation pattern
in TEHVs when they are subjected to in vivo loading conditions [1]. In the second part, the-
oretical frameworks for predicting tissue remodeling will be introduced [2], which we used
to predict how the functionality and tissue architecture of TEHVs may change due to in vivo
remodeling, based on the initial geometry and the material properties of the valves as deter-
mined from biaxial tensile tests. In addition, the robustness of the remodeling process was
investigated by varying both the geometry as well as the contractility of the cells inside the
valves.Acknowledgments
We gratefully acknowledge the support of the EU ([FP7/2007-2013], grant agreement no.
242008), and the Netherlands CardioVascular Research Initiative (CVON2012-01).
References
[1] S. Loerakker, G. Argento, C.W.J. Oomens, F.P.T. Baaijens. Effects of valve geometry
and tissue anisotropy on the radial stretch and coaptation area of tissue-engineered heart
valves. J Biomech 46: 1792-1800, 2013.
[2] S. Loerakker, C. Obbink-Huizer, F.P.T. Baaijens. A physically motivated constitutive
model for cell-mediated compaction and collagen remodeling in soft tissues. Biomech
Model Mechanobiol 13: 985-1001, 2014.
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07.03.2016 17:30 Ekin Altan Pockelsstrasse 2, Raum PK2.2
Modelling of skeletal muscle growth and adaptation
Ekin Altan (University of Stuttgart), Oliver Röhrle (University of Stuttgart)
In order to make a realistic description of skeletal muscle mechanics, it is important to be able
to describe adaptation mechanisms of muscles. Such adaptation mechanism can take various
forms. One of them is the skeletal muscle growth. Despite the increasing interest in model-
ing muscle growth and adaptation, models that address the phenomena within a continuum-
mechanical framework using muscle-specific models are rare in literature.
The mechanical behavior of skeletal muscles is typically modeled in state-of-the-art continuum-
mechanical frameworks using a transversely isotropic constitutive law [2]. The constitutive
law accounts for the ground matrix, i.e. the extracellular matrix, the extra stiffness of the
muscle fibres and the contribution due to contraction. The growth model builds upon such a
material model that accounts for the symmetry of the material. This will provide important
means for a thorough investigation of the growth phenomenon without disregarding the unique
properties of the skeletal muscle tissue.
One of the most dominant trigger mechanisms of muscle adaptation is known to be due to
changes in the length of the muscle, i.e. stretching the muscle [1,3]. Stretch-driven growth
forms the basis of the growth model studied in this work. To model the growth process, a
multiplicative split of the total deformation gradient into an elastic and a growth part is em-
ployed. The growth parameter, analogous to an internal variable, quantifies the changes within
the muscle tissue and can be determined by solving an evolution equation which describes the
nature of the adaptation process. In regard to the muscle tissue’s aforementioned symmetrical
properties, the growth deformation gradient is constructed as transversely isotropic.
After establishing the continuum-mechanical growth and adaptation framework and demon-
strating the general feasibility of the model, application cases in which muscle growth and
adaptation play a role will be investigated.
Acknowledgement: This study is funded by the German Science Foundation (DFG) within
the Cluster of Excellence in Simulation Technology (EXC 310/1) at the University of Stuttgart.
References
[1] Goldspink, D. F. , Cox, V. M., Smith, S. K., Eaves, L. A., Osbaldeston, N. J., Lee, D. M.,
Mantle, D. (1995). Muscle growth in response to mechanical stimuli. American Journal
of Physiology - Endocrinology and Metabolism, 268 (2), E288-E297.
[2] Heidlauf, T. & Röhrle, O. (2014). A multiscale chemo-electro-mechanical skeletal mus-
cle model to analyze muscle contraction and force generation for different muscle fiber
arrangements. Frontiers in Physiology, 5, 1-14.
[3] Zöllner, A. M., Abilez, O. J., Böl, M., Kuhl E. (2012). Stretching Skeletal Muscle:
Chronic Muscle Lengthening through Sarcomerogenesis. PLoS ONE 7 (10): e45661.
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07.03.2016 17:50 Nadine Fuhrmann-Nelles Pockelsstrasse 2, Raum PK2.2
Physiological loading of cartilage replacement materials in a bioreactor environment
Nadine Fuhrmann-Nelles (RWTH Aachen University), Marcus Stoffel (RWTH Aachen Uni-
versity), Bernd Markert (RWTH Aachen University)
Trying to replace injured cartilage by implants is a common practice in biomedical engineer-
ing. These implants can be non-seeded or seeded with human cartilage cells. To initiate cell
multiplication and oriented cell growth in cell seeded implants, the implants are cultivated and
usually stimulated electrically or mechanically in a bioreactor before implanting [1].
In the present study, a knee testing bench combined with a bioreactor environment is de-
veloped. With this, it is possible to stimulate such implants controlled in a physiologically
consistent, multi-dimensional way. The implants are placed in a recreated human knee joint
[2] and stimulated with several physiological load cycles of reproduced walking. After some
days, the implanted material is removed and mechanically and biologically evaluated in coop-
eration with the RWTH Aachen University Hospital.
The new experimental set-up enables us for the first time to study the remodelling effect, the
efficiency of the preconditioning as well as the influence of the body-conformable load on the
material. Also, the need of cell colonisation in the implants shall be investigated.
To understand the correlation between tissue remodelling and mechanical load history, the ex-
periment is also numerically investigated, based on a geometrically realistic FE model of the
recreated human knee and appropriate material models for the involved structures. With this,
the strains and stresses, as well as the shear forces in the implant can be evaluated. The results
will be compared to experimental data.
References
[1] M. Stoffel, J.H. Yi, D. Weichert, B. Zhou, S. Nebelung, R. Müller-Rath, and K. Gavenis,
’Bioreactor cultivation and remodelling simulation for cartilage replacement material’, J
Medical Engineering and Physics, vol. 34, no. 1, pp. 56-63, 2012.
[2] N. Fuhrmann-Nelles, B. Rath, M. Stoffel, and B. Markert, ’Multi-dimensional, mechani-
cal stimulation of cartilage implants’, PAMM, vol. 14, no. 1, pp. 111-112, Dec. 2014.
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07.03.2016 18:10 Christian Cyron Pockelsstrasse 2, Raum PK2.2
Mechanobiological Free Energy
Christian Cyron (TU München)
Mechanical modeling of living tissues typically relies on concepts well-known from engi-
neering mechanics, for example strain energy or free energy. This point of view is, however,
associated with significant problems. Even simple model systems of living tissues such as
cell-seeded collagen gels exhibit a relation between load and deformation that cannot be under-
stood on the basis of concepts from engineering mechanics. Rather in these tissues mechanobi-
ology, that is, mechano-regulated growth and remodeling, dominates. A simple and generally
accepted mathematical basis to understand mechanobiology still remains wanting. In this talk,
the novel concept of mechanobiological free energy will be proposed. Mechanobiological free
energy incorporates both classical (visco)elasticity and mechano-regulated growth and remod-
eling and forms a promising general mathematical basis to understand the response of living
tissues to mechanical loading.
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07.03.2016 16:30 Martin Holler Altgebäude (Pockelsstrasse), Raum PK4.3
Introductory Remarks
Martin Holler (University of Graz), Michael Möller (TU München)
A few introductory remarks will be made by the organizers, Martin Holler andMichael Möller,
of this YR minisymposium
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07.03.2016 16:50 Jan Lellmann Altgebäude (Pockelsstrasse), Raum PK4.3
Asymmetric Regularization of Higher-Order Derivatives
Jan Lellmann (University of Lübeck)
Derivative-based regularizers, such as total variation and its higher-order extensions, are tradi-
tionally formulated in a symmetric way, i.e., they are invariant with respect to a change of sign.
We argue that in many applications, this assumption is not naturally justified. We show that
such applications can benefit from novel regularizers that take the sign into account, which
also raise interesting numerical and analytical questions.
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07.03.2016 17:10 Ronny Bergmann Altgebäude (Pockelsstrasse), Raum PK4.3
A Second Order Non-smooth Variational Model for Restoring Manifold-valued Images.
Ronny Bergmann (TU Kaiserslautern)
In many real world situations, measured data is noisy and nonlinear, i.e., the data is given as
values in a certain manifold. Examples are InSAR images and the hue channel of HSV, where
the entries are phase-valued, directions in Rn, which are data given on Sn−1, and diffusion
tensor magnetic resonance imaging, where the obtained data items are symmetric positive
definite matrices.
In this talk we extend the recently introduced total variation model on manifolds by a second
order TV type model. We first introduce second order differences on manifolds in a sound way
using the induced metric on Riemannian manifolds. By avoiding a definition involving tangent
bundles, this definition allows for a minimization employing the inexact cyclic proximal point
algorithm, where the proximal maps can be computed using Jacobian fields. The algorithm is
then applied to several examples on the aforementioned manifolds to illustrate the efficiency
of the algorithm.
This is joint work with M. Bacˇák, G. Steidl, and A. Weinmann.
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07.03.2016 17:30 Jackie Ma Altgebäude (Pockelsstrasse), Raum PK4.3
Sparse recovery via ellp-minimization using iterative reweighting
Jackie Ma (Technische Universität Berlin)
The task of reconstructing images from incomplete measurements is a prominent problem
in many applications such as medical imaging and electron microscopy. Very often prior
knowledge such as sparsity helps to succeed in these type of problems. One underlying model
that one can use to compute sparse reconstructions is by solving an optimization problem of
the form
min
x
f (x) subject to ‖y−Ax‖2 ≤ ε, ε > 0, (1)
where x∈Rn represents the object of interest, A∈Rm×n models the sampling matrix that gives
rise to the acquired data y ∈Rm and f :Rn −→R+ is the sparsity prior. Prominent choices for
such priors are for instance `p-(quasi)-norms, i.e.
f (x) = ‖Ψx‖p =
(
d
∑
k=1
|(Ψx)k|p
)1/p
, 0< p≤ 1,
suggesting that the object x is sparse after a suitable transformation Ψ :Rn −→Rd . In this talk
we first show how ideas from reweighted `1-minimization can be used to exploit more structure
which subsequently leads to greatly improved image recovery in numerical experiments. Sec-
ond, we provide stability and robustness guarantees for the non-convex optimization problem
(1) with f (x) = ‖Ψx‖pp for 0 < p < 1, while similar results are already known in the litera-
ture for the case p= 1. For our numerical comparisons and demonstration of results, we will
present different experiments using shearlets which are optimal for a large class of images.
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07.03.2016 17:50 Tao Wu Altgebäude (Pockelsstrasse), Raum PK4.3
Low-rank and sparse matrix/tensor decomposition via inexact alternating minimization
on manifolds
Tao Wu (Humboldt-Universität zu Berlin), Michael Hintermüller (Humboldt-Universität zu
Berlin)
We present an alternating minimization strategy for finding additive components (of noisy
data) lying on their respective, typically low-dimensional, manifolds. Examples of interest
include low-rank and sparse matrix/tensor manifolds. For each individual subproblem, in-
exact solution method is proposed which accelerates computation significantly. A q-linear
convergence theory is established for the overall alternating minimization scheme. Numerical
experiments on image sequence applications will be demonstrated.
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07.03.2016 18:10 Martin Benning Altgebäude (Pockelsstrasse), Raum PK4.3
Learning variational regularisation methods
Martin Benning (University of Cambridge), Carola-Bibiane Schönlieb (University of Cam-
bridge)
Variational regularisation methods are useful tools for the approximation of inverse problem
solutions for which the underlying inverse problem is ill-posed in the sense of Hadamard. In
order to compensate for the ill-posedness, prior knowledge is usually incorporated into the
regularisation method in form of different choices of regularisation functionals, parameters or
transforms. In this talk we want to address the reverse question: to what extent can we learn
those parameters, given that we have training data for which we know the solutions to our
inverse problem?
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07.03.2016 16:30 Giuseppe Capobianco Altgebäude (Pockelsstrasse), Raum PK4.7
A Moreau-type Variational Integrator
Giuseppe Capobianco (University of Stuttgart), Simon R. Eugster (University of Stuttgart)
In this paper we derive a variational integrator for nonsmooth mechanical systems by dis-
cretizing the principle of virtual action with finite elements in time. The time continuous
virtual action of a finite dimensional mechanical system
δA=−
∫ T
0
{δ q˙TM(q, t)q˙+δqT( f +Wλ )}dt−∑
i
δq(ti)TW iΛi−δq(0)Tp0 +δq(T )TpT
includes the virtual action of the impulsive and non impulsive contact forces Λi and λ , re-
spectively. The non impulsive forces λ model the contact interaction during the impact free
motion. The impulsive forces Λi are the contact interactions during impacts caused e.g. by
unilaterality. The principle of virtual action states that δA vanishes for all virtual displace-
ment fields δq. A temporal finite element discretization of this variational principle by a
Bubnov-Galerkin approach allows to deduce a time stepping scheme for nonsmooth mechan-
ical systems. After the discretization with local finite elements, the constitutive laws for the
contact forces are introduced as in Moreau–Jean’s time stepping scheme. These constitutive
laws can be expressed as normal cone inclusions between the percussion P, which combines
the effects of bothΛi and λ during an element, and the kinematic quantity ξ given by pre- and
post-impact velocities. For a constant mass matrix the Moreau-type variational integrator for
unilaterally constrained systems with friction leads to the scheme
qk+1 = 2qk−qk−1 +∆t2M−1 f (tk)+∆tM−1
(
W N,kPN,k+W T,kPT,k
)
−ξN,i ∈NR+0 (PNi,k) ∀i ∈I = {i |gi(qk)≤ 0}
−ξ T,i ∈NCT (PTi,k) ∀i ∈I = {i |gi(qk)≤ 0} ,
which corresponds exactly to Moreau–Jean’s time stepping scheme. Since a finite element
approach is adopted, the shape functions can be used to interpolate between the nodes qk.
Doing so, our variational integrator leads to a piecewise linear motion q(t) of the system.
Hence, using the principle of virtual action we can derive a new variational integrator, which
for a special class of mechanical systems coincides with the well known time stepping scheme
of Moreau–Jean.
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07.03.2016 16:50 François Gay-Balmaz Altgebäude (Pockelsstrasse), Raum PK4.7
Multisymplectic integrators for geometrically exact beam dynamics
François Gay-Balmaz (CNRS - Ecole Normale Superieure)
Multisymplectic variational integrators are structure preserving numerical schemes especially
designed for PDEs derived from covariant spacetime Hamilton principles. In this talk I
will present a class of multisymplectic variational integrators for mechanical systems on Lie
groups. The multisymplectic scheme is derived by applying a discrete version of the space-
time covariant Hamilton principle. The Lie group structure is used to rewrite the discrete
variational principle in a trivialized formulation which allows us to make use of the vector
space structure of the Lie algebra, via the use of the Cayley map. In presence of symme-
tries, we derive a discrete version of the covariant Noether theorem. This approach is used to
construct a multisymplectic integrator for geometrically exact beams.
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07.03.2016 17:10 Matthias Bartelt Altgebäude (Pockelsstrasse), Raum PK4.7
Conservation properties of higher order time stepping schemes based on variational
integrators
Matthias Bartelt (Technische Universität Chemnitz), Michael Groß (Technische Universität
Chemnitz)
Energy conserving time stepping schemes are usually based on a variational physical prob-
lem.In this paper, we show how a corresponding variational formulation can be directly used
for designing such schemes leading to an integrator which preserves total energy, total linear
momentum and total angular momentum.
In order to show this, we start at the variational formulation of a continuous mechanical sys-
tem. It can be described by the kinetic and potential energy in the Lagrangian.External forces
and constraints are also included by using the LAGRANGE-D’ALEMBERT principle and the
LAGRANGE-multiplier method. The application of a higher order approximation in time leads
to higher order time integrators.
Further, we verify that the total linear momentum and total angular momentum are preserved
by the method for a continuous system with and without constraints.For the total angular
momentum balance, we also calculate the nodal bearing forces which depend on a special
approximation of the LAGRANGE-multiplier.This is shown for systems with higher order ap-
proximation in time. In the next step, we show how we introduce a higher order discrete
gradient for energy conservation in the system.
For verifying the convergence properties in combination with higher order accuracy, we show
the motion of a three-dimensional free flying rotor, discretized by eight-node LAGRANGE el-
ements, as a first numerical example.Here, we show also the conservation of total linear and
total angular momentum with an application of a higher order approximation in time. As last
numerical example a hyper-elastic beam is presented. We apply the LAGRANGE-multiplier
method to fasten some nodes, to calculate the bearing forces at these nodes, and to show the
conservation of total linear and total angular momentum. For this example, we also use the
discrete gradient to preserve the total energy for every time step.
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07.03.2016 17:30 Torbjørn Ringholm Altgebäude (Pockelsstrasse), Raum PK4.7
Adaptive energy preserving methods for partial differential equations
Torbjørn Ringholm (Norwegian University of Science and Technology), Brynjulf Owren (),
Sølve Eidnes ()
A framework for constructing integral preserving numerical schemes for time-dependent par-
tial differential equations on non-uniform grids is presented. The approach can be used with
both finite difference and partition of unity methods, thereby also including finite element
methods. The schemes are then extended to accommodate r-, h- and p-adaptivity. To illustrate
the the ideas, the method is applied to the Korteweg-de Vries equation and the Sine-Gordon
equation. Results from numerical experiments are presented.
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07.03.2016 17:50 Kathrin Flaßkamp Altgebäude (Pockelsstrasse), Raum PK4.7
Structure-preserving optimal control for ergodic trajectory design
Kathrin Flaßkamp (University of Bremen)
Variational integrators have shown great advantages in simulation, control, and estimation of
mechanical systems due to their structure-preserving properties. This presentation focusses
on discretizing linear quadratic optimal control problems by variational integrators in order to
preserve the symplectic structure of the problem. The developed method is based on modified
discrete-time Riccati equations, which can be embedded into solution methods for nonlin-
ear optimal control problems, e.g. into projection-based trajectory optimization. We apply
this approach to optimal ergodic control. Trajectories are ergodic with respect to a measure
when the amount of time spent in a neighborhood is proportional to the measure evaluated
over the neighborhood. Ergodicity can be used as a metric in an optimal control formulation
for searching and exploration tasks. In our numerical examples, we show that the algorithm
performance improves when variational integrators are applied.
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07.03.2016 18:10 Jarvis Schultz Altgebäude (Pockelsstrasse), Raum PK4.7
Low-infrastructure real-time embedded control via variational integrators
Jarvis Schultz (Northwestern University)
This presentation will illustrate the formulation of a variational integrator that is particularly
well-suited to classical estimation and control algorithms, e.g. LQR, extended Kalman filters,
and particle filters. Specifically, this variational integrator is a one-step map that admits a
simple, explicit linearization even for constrained systems. I will show through experimental
and numerical examples that the structure-preserving properties of these integrators lead to
increased estimation and control performance, particularly in low-bandwidth applications.
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07.03.2016 16:30 Giorgia Sinibaldi Altgebäude (Schleinitzstrasse), Raum SN19.1
Sound source mechanisms in under-expanded impinging jets
Giorgia Sinibaldi (Università di Roma "La Sapienza"), Luca Marino (Università di Roma
"La Sapienza"), Giovanni Paolo Romano (Università di Roma "La Sapienza")
Impinging jets have been largely investigated in the last decades due to the numerous appli-
cations. VSTOL aircraft, missile launch vehicle system and turbine blade cooling are typical
examples in the aerospace field. Moreover, electronic equipment cooling and paper drying
devices are further situation where impinging jets are involved. The interest in the study of
impinging jets is mainly related to the complex structure of the flow and the related noise,
dominated by a discrete component, known as “impinging tones”, which may cause sonic fa-
tigue of the structure and may damage instruments and equipment in the vehicle [Kim & Park,
Shock Waves 2005]. As initially proposed, and generally accepted, the unsteady oscillatory
nature of the jet and the resulting discrete tones production is due to an acoustic feedback
mechanism, i.e. see in [Henderson et al, J Fluid Mech 2005]. Two main sources of discrete
frequency perturbations in the jet-plate geometry were observed in the literature [Powell, J
Acoust Soc Am 1988] [Henderson & Powell, J Sound Vib 1993], the vortex shedding in the jet
shear layer and the standoff shock oscillation. Both self-exited oscillations are due to acoustic
feedback. The first acoustic feedback is between the nozzle exit and the plate and the sec-
ond one is between the plate and the standoff shock. In the present work, an experimental
analysis on the aeroacoustics of an under-expanded supersonic jet impinging on a flat plate is
presented. A wide range of nozzle pressure ratios and of nozzle-to-plate distances has been
analyzed with particular attention to the behavior of the discrete component of the noise. The
investigation has been carried out by means of acoustic, particle image velocimetry and wall
pressure measurements. The analysis of the relationship between the acoustic data and the
fluid dynamic fields allows to examine the different source mechanisms of the discrete com-
ponent of the noise and to evaluate the link between the jet flow structure and the acoustic
tone features. Specifically, two ranges of nozzle pressure ratio have been observed showing
different acoustic behaviors, characterized by distinct mechanisms of discrete noise genera-
tion. These regions are separated by a range of nozzle pressure ratios where impinging tones
are not observed. The analysis was carried out in the laboratories of the Department of Me-
chanical and Aerospace Engineering, located at the University of Rome “La Sapienza”. The
measurements are performed by means of a set of free field 1/4 inch microphones coupled
with a PIV system to investigate the velocity field and a sensor for surface pressure measure-
ments. The experimental apparatus consists of a cylindrical stagnation ambient connected to
an high-pressure circuit and equipped with a pressure sensor and a seeding system and a test
chamber internally covered by anechoic materials and provided with two windows for PIV.
The connection between the two chambers is made by a round convergent nozzle. The jet
impinges on a circular plate located downstream of the nozzle exit and perpendicular to the jet
axis.
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07.03.2016 16:50 Wilko Rohlfs Altgebäude (Schleinitzstrasse), Raum SN19.1
Flow structures and heat transfer in laminar jet impingement
Wilko Rohlfs (RWTH Aachen University), Reinhold Kneer (RWTH Aachen University)
Impinging jets are well known for their high heat/mass transfer rates, widely employed in
industrial cooling and drying processes and as such have been investigated extensively. This
talk will cover a comprehensive description of laminar free-surface and submerged impinging
jets by summarizing the understanding gained in recent studies by the authors.Self-similar
behavior in laminar jets regarding the velocity profile, its evolution, and the influence on
stagnation-region heat transfer will be presented. An approximate theoretical analysis shows
two regions with different scaling: a free-jet region where viscous relaxation dominates and
an impingement region where a potential solution applies. Using the dimensionless time scale
found for the first region, H/(D ·Re), self-similarity is obtained for the axial velocity and its
development. Fully resolved numerical simulations are performed to identify the crossover
between the regions. The velocity profile at this cross-over point directly dictates the heat
transfer distribution in the stagnation zone. The conditions under which this distribution has a
central or off-center peak are found to be related to specific velocity profiles. Numerical results
are used to find approximate closed form relations tying the jet emergence velocity to the heat
transfer distribution. New correlations for the heat transfer in free-surface and submerged jets
will be shown based on this new time scale, covering the range of velocity profiles emerging
from pipe-type (parabolic) to orifice-type nozzles (uniform). A well-known analytical Prandtl
dependency for stagnation flows is employed, yielding strong agreement with the numerical
results. Agreement is observed for a very wide range of liquid and laminar flow conditions
(i.e., 0.07 < Pr < 1307; 73 < Re < 2000, and 4 < H/D < 110). Finally, the importance of
disturbances to the flow field will be revealed and their influence on different types of vortex
structures and mechanisms of jet breakup.
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07.03.2016 17:10 Frank Haucke Altgebäude (Schleinitzstrasse), Raum SN19.1
Measurements regarding Dynamic Impingement Cooling
Frank Haucke (Technische Universität Berlin), Wolfgang Nitsche (Technische Universität
Berlin), Dieter Peitsch (Technische Universität Berlin)
Within the framework of the German collaborative research centre “SFB1029”, dynamically
forced impingement cooling is investigated experimentally. This will provide a contribution
to compensate the critical effects of a turbine inlet temperature increase induced by innova-
tive combustion concepts. The present study describes experimental investigations regarding
dynamically forced heat transfer between a flat surface and an array of up to 7 by 7 circular
impingement jets. Fast switching solenoid valves are used to periodically pulse each cooling
jet separately by changing frequency, duty cycle and phasing. Depending on the excitation pa-
rameters, strong ring vortices can be generated around each single jet. Thereby, the maximum
velocity within the core zone of each single jet can be extremely increased. Simultaneously,
the vorticity is increased, which induces higher local and temporal wall shear stress after im-
pinging on the wall and thus enhanced convective heat transfer as well. Considering a multi
nozzle arrangement the vortex structures of each impingement jet will interfere with the ad-
jacent ones, which strongly influences convective heat transfer.Liquid crystal thermography
(LCT) is employed to determine the distribution of Nusselt numbers in the impingement area
under steady state and dynamically forced flow conditions. The LCT foil is of type Hallcrest
“TKTLCR25C5WM” and has an adhesive backing, which is used to attach it to a thin steel
foil. The unaffected side of the steel foil is directed to the impingement jets. The visible side
of the LCT foil is placed on a transparent, even glass plate, which is used as an impingement
plate. In order to fix the LCT assembly on the glass plate, the edges are sealed and the trapped
air is sucked out by a vacuum pump, thus creating a vacuum and pressing the laminate to-
gether. The steel foil is connected to a power source and can be heated by controlling the
electrical current. Simultaneously, each impinging jet is cooling the steel foil, which affects
a wall heat flux. Depending on the resulting local wall temperatures, the liquid crystals re-
flect specific wave lengths originating from a light source through the glass plate back to a
color camera. These wave lengths are read out from the camera sensor as RGB values. In a
post process these RGB values will be converted in values of Hue, saturation and intensity.
In order to complete this temperature measurement technique, both a geometrical and a color
calibration are necessary for dewarping and allocating the real quasi wall temperatures.In or-
der to achieve a better physical insight, a time resolved PIV measurement system is used to
achieve the two-dimensional velocity flow field. DEHS-droplets, each with a diameter of
about 0.001mm, are used as tracer particles and are produced by a seeding generator, which is
integrated in the compressed air supply of the corresponding impingement jets. Two pulses of
high energy laser light with a wavelength of 527nm are used in order to visualize the DEHS-
tracer particles. Therefore, a ND:YLF double pulse laser Quantronix Darwin-Duo-PIV-80 is
employed, which allows a maximum repetition rate of the laser pulses of 10kHz. The pulse
energy depends on the repetition rate and varies between 15mJ and 30mJ. Two high speed
cameras of the type Photron APX RS are arranged stereoscopically to capture the laser light
scattered by the DEHS-droplets. In this case the determination of all three velocity compo-
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07.03.2016 17:30 Robert Wilke Altgebäude (Schleinitzstrasse), Raum SN19.1
Numerical simulation of hexagonal impinging jet arrays
Robert Wilke (TU Berlin), Joern Sesterhenn (TU Berlin)
Arrays of impinging jets provide an effective mechanism for the cooling of hot surfaces.
Therefore they are in wide use, eg. for the cooling of turbine blades. Within the collabo-
rative research center ”SFB1029”, impinging jet arrays are investigated both experimentally
and numerically. The common starting point is the single impinging jet with a Reynolds
number of 8000. The simulation was performed on 1.1 billion grid points and has a nozzle-
to-plate distance of five diameters. The performed dynamic mode decomposition showed that
a self-sustained axisymmetric mode exists which has a Strouhal number of 0.92. This mode
is responsible for high turbulent heat transfer at the impinging plate and the secondary maxi-
mum in the Nusselt number distribution. The frequency of this mode can be used to enhance
the heat transfer by applying a pulsating inlet. This is in accord with the work of Janetzke
[Janetzke, Dissertation, TU Berlin 2010]. He showed experimentally that an inlet pulsating
with a Strouhal number of around 0.9 can increase the heat transfer efficiency up to 40 %. The
open question concerns the development of those important modes when multiple impinging
jets interact with each other and additional crossflow appears. Three simulations of hexag-
onal array configurations with nozzle-to-nozzle distances of two, four and six diameters are
ongoing at the date of this abstract, but are finished until the talk. The modal structure as well
as statistical results of the turbulent flow field are shown. The results will also be assessed
regarding the development of a convection cell containing fountain flow.
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07.03.2016 17:50 Martin Draksler Altgebäude (Schleinitzstrasse), Raum SN19.1
Heat Transfer Characteristics of Multiple Impinging Jets
Martin Draksler (Jožef Stefan Institute), Leon Cizelj (Jožef Stefan Institute, Ljubljana, Slove-
nia), Boštjan Koncˇar (Jožef Stefan Institute, Ljubljana, Slovenia), Bojan Nicˇeno (Paul Scher-
rer Institute, Villigen, Switzerland)
In this paper, the instantaneous heat transfer characteristics of gaseous turbulent impinging jets
in hexagonal configuration are studied numerically by the means of Large Eddy Simulation.
The aim of this study is to investigate the key physical mechanisms that characterize the effi-
cient heat transfer of multiple impinging jets, with the emphasis laid on the local phenomena
in regions where adjacent jets interact. The discussion is based on a thorough analysis of the
instantaneous flow and temperature fields.
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08.03.2016 13:30 Winfried Bruns Pockelsstrasse 2, Raum PK2.1
Unerwartete Anwendungen polyedrischer Methoden
Winfried Bruns (Universität Osnabrück)
In den letzten 20 Jahren haben wir die Software Normaliz entwickelt, in der Algorithmen der
diskreten Konvexgeometrie implementiert sind. Sie hat inzwischen zahlreiche Anwendungen
gefunden, darunter auch unerwartete. Wir wollen über einige von ihnen berichten, etwa die
Sozialwahltheorie, Klassifikation von Knoten und 3-Mannigfaltigkeiten, topologische Zeta-
Funktionen oder Einheiten in Gruppenringen.
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08.03.2016 14:10 Tobias Moede Pockelsstrasse 2, Raum PK2.1
Coclass theory for nilpotent associative algebras
Tobias Moede (TU Braunschweig), Bettina Eick (TU Braunschweig)
Coclass theory has been a very fruitful approach in the investigation of finite p-groups. We
consider to use ideas of coclass theory in the classification of finite-dimensional nilpotent
associative algebras. In particular we define and investigate associated coclass graphs for such
algebras and give a precise structure description for the infinite paths contained in them. We
then use this description to determine which coclass graphs have finitely many infinite paths.
Furthermore, we exhibit an algorithm to explicitly construct these infinite paths.
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08.03.2016 14:30 Martin Scheicher Pockelsstrasse 2, Raum PK2.1
Gröbner Bases over Finitely Generated Affine Monoids
Martin Scheicher (Universität Innsbruck)
Let N be a finitely generated submonoid of the integer lattice Z1×n and let F be a field. The
monoid algebra of N over F is the subalgebra
F [N] =
⊕
µ∈N
Fσµ ⊆ F [σ ,σ−1] = F [σ1, . . . ,σn,σ−11 , . . . ,σ−1n ]
of the Laurent polynomial algebra F [σ ,σ−1].Gröbner bases for ideals of the polynomial ring
F [σ ] are defined with respect to a term order on N1×n. However, if N is not pointed—e.g., if
N = Z—there exist no term orders on N since a total order can either be compatible with the
addition or it can have zero as minimal element but it cannot have both properties. In [2], Pauer
and Zampieri solved this problem by considering generalised term orders, i.e., total orders
which retain the property that 0=minN while they are still compatible with the addition in a
limited way, and by defining Gröbner bases for ideals of F [N]with respect to these generalised
term orders. In [1], Pauer and Unterkircher extended this concept to {1, . . . , l}×N and gave
an algorithm for computing Gröbner bases for submodules of F [N]1×l . These Gröbner bases
can be used, for instance, for determining submodule membership in F [N]1×l and also for
solving the Cauchy problem for systems of linear partial difference equations.The algorithms
of [2] and [1] work directly with elements of F [N] and thus they necessitate a complete re-
implementation of a generalisation of the Buchberger algorithm. Furthermore, the authors
did not prove that generalised term orders exist for every submonoid N, which has restricted
the applicability of this theory up to now.We use a representation N = N1×mθ with a matrix
θ ∈ Zm×n to parametrise the monoid algebra F [N] by the polynomial ring F [s] = F [s1, . . . ,sm]
via the algebra epimorphism
F [s]−→ F [N], sµ˜ 7−→ σ µ˜θ .
We derive a Gröbner basis of a submodule of F [N]1×l by computing a Gröbner basis over
F [s] with respect to a special, “compatible” term order on {1, . . . , l}×N1×m. Using this, we
also present a division algorithm and a method for computing syzygy modules. This approach
enables us to use existing, optimised implementations of the Buchberger algorithm. Further-
more, we show how to construct generalised term orders on {1, . . . , l}×N as well as com-
patible term orders on the parameter space {1, . . . , l}×N1×m for arbitrary finitely generated
submonoids N.
[1] F. Pauer and A. Unterkircher. Gröbner bases for ideals in Laurent polynomial rings and
their application to systems of difference equations. Appl. Algebra Engrg. Comm. Com-
put., 9(4):271–291, 1999.
[2] F. Pauer and S. Zampieri. Gröbner bases with respect to generalized term orders and their
application to the modelling problem. J. Symb. Comput., 21(2):155–168, 1996.
The author has been supported by the Austrian FWF via project J3411-N25.
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08.03.2016 14:50 Daniel Robertz Pockelsstrasse 2, Raum PK2.1
Thomas Decomposition and Nonlinear Control Systems
Daniel Robertz (Plymouth University)
This talk presents joint work with Markus Lange-Hegermann. We apply theThomas decom-
position technique to nonlinear control systems, in particular to thestudy of the dependence
of the system behavior on parameters. Thomas’ algorithm is a symbolic method which splits
a given system of nonlinear partial differentialequations into a finite family of so-called sim-
ple systems which are formally integrable and define a partition of the solution set of the
original differential system. Different simple systems of a Thomas decomposition describe
different structural behavior of the control system in general. We give a short introduction to
the Thomas decomposition method and show how notions such as invertibility, observability
and flat outputs can be studied. A Maple implementation of Thomas’ algorithm is used to
illustrate the techniques on explicit examples.
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08.03.2016 15:10 Werner M. Seiler Pockelsstrasse 2, Raum PK2.1
Resolutions and Betti Numbers of Polynomial Modules via Involutive Bases
Werner M. Seiler (Universität Kassel)
We present a new approach to the construction of free resolutions of polynomial modules
based on a combination of the theory of involutive bases and algebraic discrete Morse theory.
This approach allows for the first time to determine Betti diagrams (in fact, even individual
Betti numbers) without computing first a whole resolution. An implementation of this ap-
proach in the computer algebra system CoCoALib and some benchmarks will be discussed.
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08.03.2016 13:30 Björn Müller Pockelsstrasse 2, Raum PK2.2
Promises and pitfalls of higher order immersed boundary methods
Björn Müller (TU Darmstadt), Stephan Krämer-Eis (TU Darmstadt), Florian Kummer (TU
Darmstadt)
In this talk, we study compressible fluids in domains with immersed boundaries that are re-
solved with higher order. In particular, we present a Discontinuous Galerkin (DG) method
that accounts for boundary conditions at the zero iso-contour of a level-set function. The
method is simple, easy to implement and shows excellent convergence behavior for suitable
test cases, but also gives insights in pitfalls, limitations and their potential remedies.The first
main challenge lies in the numerical integration of polynomials over the sub-cells intersected
by the immersed boundary. We resolve this problem by modifying the so-called moment-
fitting approach in order to obtain accurate quadrature rules while avoiding the solution of
a non-linear optimization problem. The resulting quadrature rules are sufficiently accurate to
preserve the formal order of accuracy of the discretization scheme, and hardly affect the solver
efficiency.This technique has successfully been applied to the P-th order simulation of incom-
pressible multiphase flows. Here, the error converges with the optimal convergence rate P+1.
However, this approach is not directly applicable to compressible flows as it requires a smooth
extension of the discretized problem into the void region. We thus present an extension of the
moment-fitting approach which ensures that all quadrature nodes are situated in the physical
domain. In addition, we use a non-intrusive cell-agglomeration strategy in order to improve
the conditioning of the cell-local mass matrices.In the first step, we consider isentropic flows
in domains with smooth boundaries. The results for simulations using up to fourth order poly-
nomials indicate an experimental order of convergence of P+1. Moreover, we will show that
the error norms are robust with respect to shifts of the boundary, as well as with respect to
changes in the cell-agglomeration pattern. In the second step, we consider inviscid and vis-
cous flows around airfoils with a sharp trailing edge. The corresponding results reveal that the
formal order of accuracy cannot be preserved, which matches the theoretical prediction for
such configurations. We will thus close the talk by discussing whether higher order methods
are worth the effort for flows with partially non-smooth boundaries.
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08.03.2016 13:50 Christoph Lehrenfeld Pockelsstrasse 2, Raum PK2.2
High order unfitted FEM on level set domains using isoparametric mappings
Christoph Lehrenfeld (University of Muenster)
In this talk we present a new class of unfitted finite element methods with a high order geom-
etry approximation for geometries which are only implicitly defined by level set functions. In
the last decade unfitted finite element methods have drawn more and more attention. The pos-
sibility to handle complex geometries without the need for complex and time consuming mesh
generation is very appealing. In unfitted finite element methods the geometry description and
the computational mesh are separated. Often a level set function is used to describe the ge-
ometry while finite element functions are defined with respect to a computational background
mesh.
One major issue in the realization of high order methods is the numerical integration on the
domains which are only implicitly defined through the level set function. We aim at solving
this problem in a computationally efficient way. To this end a standard approach, a piecewise
planar interface reconstruction, is combined with a transformation of the underlying mesh.
The transformation is designed in such a way that the piecewise planar interface reconstruc-
tion which is only second order accurate is mapped towards the exact interface. Further, the
transformation is parametrized as a finite element function. The transformation renders a cor-
responding (unfitted) finite element method an isoparametric method.
The approach is new, robust and fairly simple to implement. We present the method, discuss
error estimates and implementational aspects and present numerical results.
References
[1] C. Lehrenfeld, High order unfitted finite element methods on level set domains using
isoparametric mappings, arXiv e-prints, arXiv:1509.02762, (2015)
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08.03.2016 14:10 Jochen Fröhlich Pockelsstrasse 2, Raum PK2.2
An Euler-Lagrange Immersed Boundary Method for light particles
Silvio Tschisgale (TU Dresden), Tobias Kempe (TU Dresden), Jochen Fröhlich (TU Dresden)
The paper presents an immersed boundary method with semi-implicit fluid-solid coupling for
mobile particles of arbitrarydensity ratio. This is achieved by a formulation of the particle
equations of motion which not onlyaccounts for the particle itself but also for the Lagrangian
layer surrounding the particle surface. For spherical particles the six equations for the linear
and angular velocity of the spherical particledecouple which allows their sequential solution.
On this basis a new time integration scheme is proposed which isunconditionally stable for
all fluid-solid density ratios. An appealing issue is that compared to existing IBMs the new
scheme only alterscoeffcients in the particle equations and the order of the steps, making it
easy to implement in present codes withexplicit coupling thus extending their field of applica-
tion of substantially.The work is funded through the Helmholtz Alliance LIMTECH
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08.03.2016 14:30 Matthias Meinke Pockelsstrasse 2, Raum PK2.2
Simulation of heavy non-spherical particles in turbulent flow using an immersed bound-
ary method
Matthias Meinke (RWTH Aachen University)
Turbulent flows laden with complex-shaped particles are encountered in many technical and
natural environments such as in pulverized coal and biomass combustion facilities or during
ice-crystal formation in atmospheric clouds. The anisotropy of the particles can have a signif-
icant impact on the particle dynamics and on the response of the fluid and therefore requires
careful modeling of the dispersed phase. For large-scale simulations of these systems, typ-
ically Lagrangian models are used in which the particles are tracked assuming a point-mass
behavior. Since Lagrangian models for non-spherical particles exhibit a higher complexity
than for spherical particles, the anisotropy is often neglected in large-scale simulations. More-
over, models for non-spherical particles are lacking thorough validation, e.g., for inertial ellip-
soids in turbulence or for conjugate heat transfer. To verify and improve these models and to
enhance the understanding of the fluid-particle interaction in these flows, so-called interface-
resolved simulations are eligible. In these simulations, the discrete solution is resolved up to
the particle boundary layers such that an accurate formulation of the fluid-particle momen-
tum exchange driving the particle motion is obtained and turbulence modulation effects are
inherently captured.
In this contribution, we study the dynamics of ellipsoidal particles in isotropic turbulence using
different levels of detail for modeling the particulate phase. High-resolution reference results
are generated using the cut-cell finite-volume scheme presented in [1], by which the immersed
particle surfaces are fully resolved and a strictly conservative description of the fluid-particle
momentum and heat exchange is obtained. Statistical results for the dispersed and for the car-
rier phase are then compared against numerical predictions obtained by a Lagrangian scheme
for ellipsoidal particles [2] and by a simplified model derived for spherical shapes. Details of
the immersed boundary method based on the cut cell approach, the dynamic mesh adaption
and the statistical results of the particulate flow will be presented in the conference paper.
References
[1] L. Schneiders, D. Hartmann, M. Meinke, W. Schröder, An accurate moving boundary
formulation in cut-cell methods, J. Comput. Phys. 235 (2013), 786–809.
[2] C. Siewert, R. P. J. Kunnen, W. Schröder, Collision rates of small ellipsoids settling in
turbulence, J. Fluid Mech. 758 (2014), 686–701.
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08.03.2016 14:50 Vito Pasquariello Pockelsstrasse 2, Raum PK2.2
Cut-Element Immersed Boundary Method for Moving Geometries and Fluid-Structure
Interaction
Vito Pasquariello (Technische Universität München), Felix Örley (Technische Universität
München), Stefan Hickel (Technische Universiteit Delft), Nikolaus A. Adams (Technische
Universität München)
Flows in industrial or biological applications usually involve very complex geometries. In
addition to the grid generation for complex-shaped stationary components, the simulation of
flows over moving bodies or bodies of varying shape is especially challenging. As an alterna-
tive to body-fitted grids, which require a time-consuming pre-processing before the simulation,
the application of immersed boundary methods on simple Cartesian grids has proven as a vi-
able alternative. With body-conforming grids, a mesh evolution algorithm or overlapping-grid
techniques are necessary for time-varying fluid-structure interfaces, which may be very costly
in case of large solid displacements. With an immersed boundary method, mesh generation
and the use of higher-order numerics are greatly simplified. Additionally, the decoupling of ge-
ometry and spatial discretization provides a suitable framework for fluid-structure interaction
(FSI) problems, i. e., the interaction of fluid flow and possibly deforming solid structures.
We will present a conservative cut-cell immersed boundary method for the simulation of
weakly compressible, cavitating liquid flows through moving geometries, as well as for FSI
problems of shock-loaded structures. We demonstrate that a classical treatment of moving in-
terfaces by a level-set field [1] causes unphysical oscillations in the vicinity of sharp corners,
in particular when dealing with weakly compressible fluids and liquids. The new method [2,
3] is based on cut-elements and provides sub-cell resolution of the geometry. By introducing
an exact reconstruction of the cut-cell properties directly from a surface triangulation of the
body, we are able to recover the correct flow evolution free of numerical artifacts. The FSI
method [3] is based on a loosely coupled, staggered Dirichlet-Neumann partitioning. The cut-
element IBM for coupling of the solid and fluid subdomains inevitably leads to non-matching
interfaces between the grids for the fluid and solid domains, demanding for a special treatment
at the conjoined interface with respect to the load and motion transfer. We use a conservative
load transfer either based on a classical shape-functions interpolation or on a more sophisti-
cated Mortar method.
Our method is embedded into a framework for performing large-eddy simulations (LES) of
compressible flows. We use an implicit LES approach based on the Adaptive Local Deconvo-
lution (ALDM) method [4]. ALDM is a nonlinear finite volume method and incorporates free
parameters that control the implicit sub-grid scale (SGS) model. Compressibility of all phases
enables full resolution of vapor collapse induced pressure wave dynamics in cavitating liquid
flows. We present canonical flow problems as validation.
One example for a complex application involving moving geometries is the turbulent multi-
phase flow inside a 9-hole common rail Diesel injector during a full injection cycle of cavitat-
ing Diesel fuel into air. The simulation includes a prescribed needle movement obtained from
a 1D Multi Domain Simulation.
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08.03.2016 15:10 Fabian Kurz Pockelsstrasse 2, Raum PK2.2
A hybrid CFD-CAA approach for aeroacoustic simulations of moving arbitrary bodies
with a cut-cell immersed boundary method
Fabian Kurz (Kreuzinger und Manhart Turbulenz GmbH), Johannes Kreuzinger (Kreuzinger
und Manhart Turbulenz GmbH), Michael Manhart (Technische Universität München)
To simulate flow noise of technical applications with hybrid CFD-CAA methods with a sat-
isfactory accuracy and with reasonable computational resources means to deal with arbitrary
complex geometries on coarse grids at high Reynolds numbers. Therefore we implemented
a conservative symmetry preserving sharp cut-cell method for incompressible flows. To deal
with arbitrary geometries we defined a color coded scheme to discretize all possible forms of
cut-cell without knowing the real form of each cell. A problem due to stability limits with all
cut-cell methods are the small cells at the immersed boundary. To remove this small cells we
use a cell merging approach. This cell merging approach is mass and momentum conserving
which is a prerequisite for aeroacoustic simulations. A staggered variable arrangement is used
where a staggered momentum cell is composed from half the volume of each of the two corre-
sponding pressure cells. We use a modified staggered grid formulation near the boundary and
extended the cut cells up to the wall. This method is incorporated into MGLET a multigrid
large eddy turbulence enviroment.
The acoustic transport equations (APE) are directly incorporated into the flow solver. The
same numerical grid, the same numerical schemes as well as the same representation of the
complex geometries is used. Therefore the acoustic source term computed from the flow
solution is direct available and the acoustic equations can be solved without interpolations.
To perform simulations with moving bodies near to the body the control volumes are adjusted
and the discretized equations are modified to impose the moving body boundary conditions.
With the combination of a cut cell method with an arbitrary Lagrangian and Eulerian method
(ALE), we create a smooth transition of growing or shrinking cell volumes behind and in front
of the moving body. The Cell merging approach in combination with moving bodies leads
to spurious pressure oscillations. To reduce this spurious pressure oscillations an additional
poisson equation is solved.
In this work we present the implemented hybrid CFD-CAA immersed cut-cell method with
focus on industrial applications. This means wall modeld LES simulations on coarse grids
with aeroacoustic propagation of sound. Next to the presentation of the numerical method
different test cases are presented, concluding with a simulation of a rotating radial fan.
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08.03.2016 13:30 Gero Friesecke Altgebäude (Pockelsstrasse), Raum PK4.3
Pair densities in density functional theory
Gero Friesecke (Technical University of Munich), Huajie Chen (University of Warwick)
Density functional theory (DFT) provides the most widely used models for computing ground
state electronic energies and densities in chemistry, materials science, biology, and nanosciences.
Despite their successes, current DFT models entail well-known failures when strong correla-
tions are present: unreliable potential energy surfaces at stretched bonds; incorrect electron
configurations of some transition metal atoms; failure to capture Van der Waals forces. The
exact interaction energy of a many-electron system is determined by the electron pair density,
and these difficulties can be traced to the fact that the latter is not approximated very well
in standard DFT models. In the talk, I (1) explain the observation by M.Levy that an exact
density-to-pair-density map exists, (2) show how many common functionals including Dirac
exchange arise from certain explicit approximations of this map, and(3) present numerical
computations of the exact map for one-parameter families of (1D) homogeneous and inho-
mogeneous model densities varying from ’concentrated’ to ’dilute’.The true pair densities are
seen to develop remarkable multi-scale patterns which cross over from mean-field to strongly
correlated behaviour, show strong dependence on the particle number and the diluteness pa-
rameter, and are not captured by any existing DFT model. The simulation results are confirmed
by rigorous asymptotic results in the concentrated respectively dilute limit, The former limit
leads to the well-known concept of ’exact exchange’, and the latter leads into optimal transport
theory. Our numerical results support the celebrated semi-empirical idea by A.Becke to mix
in a fractional amount of exchange, albeit not to assuming the mixing to be additive and taking
the fraction to be a system-independent constant. Joint work with Huajie Chen (Warwick).
Reference: H. Chen, G. Friesecke, Multiscale Model. Simul., 13(4), 1259–1289, 2015
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08.03.2016 13:50 Amartya Banerjee Altgebäude (Pockelsstrasse), Raum PK4.3
Chebyshev Filtered Subspace Iterations within the framework of Discontinuous
Galerkin Density Functional Theory for large scale abinitio simulations
Amartya Banerjee (Lawrence Berkeley National Laboratory), Wei Hu (Lawrence Berke-
ley National Laboratory), Lin Lin (Lawrence Berkeley National Laboratory), Chao Yang
(Lawrence Berkeley National Laboratory), John Pask (Lawrence Livermore National Lab-
oratory)
Discontinuous Galerkin Density Functional Theory (or DG-DFT) is a Density Functional The-
ory method based on the (interior penalty) Discontinuous Galerkin formalism. This approach
employs Adaptive Local Basis functions (ALBs) generated on-the-fly to capture the local ma-
terial physics and allows one to construct an efficient discretization of the Kohn-Sham Hamil-
tonian such that chemical accuracy can be attained using only few tens of degrees of freedom
per atom. A pervasive issue however, is obtaining the electron density (and subsequently,
ground state properties) from the discretized Hamiltonian in an efficient and scalable man-
ner.
We show in this work how Chebyshev Filtered Subspace iterations can be used to mitigate this
issue and how it can help in pushing the envelope of large scale complex materials simulations
with DG-DFT. In particular, this strategy makes it possible to attack complex materials sci-
ence problems involving many thousands of atoms routinely. We describe how the subspace
filtering steps can be done in an efficient and scalable manner using a two dimensional paral-
lelization scheme. The on-the-fly nature of the ALBs requires additional care for carrying out
the subspace iterations and we elaborate on this aspect. Scalability properties are discussed in
detail. Performance comparisons with alternative techniques are presented. We will end with
a discussion of outstanding issues and possible avenues for addressing these issues.
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08.03.2016 14:10 Anil Damle Altgebäude (Pockelsstrasse), Raum PK4.3
Compressed representation of Kohn-Sham orbitals via selected columns of the density
matrix
Anil Damle (Stanford University), Lin Lin (University of California, Berkeley), Lexing Ying
(Stanford University)
Given a set of Kohn-Sham orbitals from an insulating system, it is often desirable to build a
set of localized basis functions for the associated subspace. In this talk we present a simple,
robust, efficient, and parallelizable method to construct a set of (optionally orthogonal) local-
ized basis functions. The basis is constructed directly from a set of selected columns of the
density matrix without the use of an optimization procedure. In addition, we discuss recent
work on efficiently building a new localized basis when the geometry of the underlying system
is perturbed.
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08.03.2016 14:30 Huajie Chen Altgebäude (Pockelsstrasse), Raum PK4.3
QM/MM Coupling for Crystalline Defect Simulations
Huajie Chen (University of Warwick)
QM/MM coupling is a widely used technique to perform atomistic simulations of large sys-
tems as encountered in materials science and biochemistry. In the context of materials science,
the regions of interest such as a defect core, is modeled by an electronic structure model, while
the material bulk is modelled with a computationally inexpensive interatomic potential model.
We analyze a minimalist electronic structure model: the tight-binding model, and present a
new type of locality result. Exploiting this locality, we construct a QM/MM coupling scheme
based on energy mixing, where the MM potential can couple well with the QM model. The
efficiency and accuracy of this construction are shown by rigorous analysis and numerical
experiments. This is a join work with Christoph Ortner (University of Warwick), James Ker-
mode (University of Warwick), Gábor Csányi (University of Cambridge) and Noam Bernstein
(United States Naval Research Laboratory).
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08.03.2016 14:50 Benjamin Stamm Altgebäude (Pockelsstrasse), Raum PK4.3
A perturbation-method-based post-processing of planewave approximations for nonlin-
ear Schrödinger equations
Benjamin Stamm (RWTH Aachen University), Eric Cancès (), Geneviève Dusson (), Yvon
Maday (), Martin Vohralìk ()
In this talk we consider a post-processing of planewave approximations for nonlinear Schrödinger
equations by considering the exact solution as a perturbation of the discrete, computable solu-
tion. Applying then Kato’s perturbation theory leads to computable corrections with a prov-
able increase of the convergence rate in the asymptotic range for a very little computational
overhead. We illustrate the key-features of this post-processing for the Gross-Pitaevskii equa-
tion that serves as a toy problem for DFT Kohn-Sham models. Finally some numerical illus-
trations in the context of DFT Kohn-Sham models are presented.
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08.03.2016 15:10 Agnieszka Miedlar Altgebäude (Pockelsstrasse), Raum PK4.3
Krylov-type methods for interior eigenvalue computations
Agnieszka Miedlar (University of Minnesota)
Determing excited states in quantum physics or calculating the number of valence electrons
in the Density Functional Theory (DFT) ivolve solving eigenvalue problems of very large
dimensions. Moreover, very often the interesting features of these complex systems go be-
yond information contained in the extreme eigenpairs. For this reason, it is important to
consider iterative solvers developed to compute a large amount of eigenpairs in the middle
of the spectrum of large Hermitian and non-Hermitian matrices. In this talk, we discuss some
of the well-established techniques in electronic structure calculations and compare them with
a newly developed method. We demonstrate its efficiency and robustness through various
numerical examples.
This is a joint work with Yousef Saad.
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08.03.2016 13:30 Kurt Schlacher Altgebäude (Pockelsstrasse), Raum PK4.7
PORT-HAMILTONIAN REPRESENTATION FOR PDES WITH SECOND-ORDER
DERIVATIVES IN THE ENERGY DENSITY
Markus Schoeberl (Johannes Kepler University), Kurt Schlacher (Johannes Kepler Univer-
sity Linz)
In this contribution we consider a port-Hamiltonian setting for partial differential equations. A
crucial property of this system class is the property to be able to link a power balance relation to
the structure of the equations. However, one has to take into account also the effects of energy
flows via the boundary. This is straightforward when the Hamiltonian depends on derivative
variables of first order, e.g. by using integration by parts. If second-order derivatives appear
then integration by parts cannot be used without due care, thus we suggest an approach by
using the so-called Cartan-form. We visualize the derivation of a power balance relation by
using the Kirchhoff plate as an example.
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08.03.2016 13:50 Ulrich Gabbert Altgebäude (Pockelsstrasse), Raum PK4.7
Model based control design of smart structures based on an interface between Simulink
and Abaqus
Ulrich Gabbert (Universität Magdeburg), Ryan R. Orszulik (Universität Magdeburg)
To start, this paper presents an interface between the finite element software Abaqus and the
control design tool Simulink to enable the incorporation of feedback control into high fidelity
simulations of smart structures. After the interface is discussed, examples are presented to
both demonstrate and validate the simulation framework. One example is a standard one
from the field of active vibration control that of an aluminum beam with a single collocated
piezoelectric sensor/actuator pair. A comparison to existing experimental results is shown, and
then a nonlinear geometrical simulation is run for when the beam undergoes large deformation
to demonstrate the applicability of the method for more general analyses.
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08.03.2016 14:10 Alexander K. Belyaev Altgebäude (Pockelsstrasse), Raum PK4.7
Mechanics of flexible elastic belt on two pulleys
Alexander K. Belyaev (Russian Academy of Sciences), Vladimir V. Eliseev (Polytechnic Uni-
versity, St. extascitildePetersburg), Hans Irschik (Johannes Kepler University Linz), Evgeny
A. Oborin (Johannes Kepler University Linz)
The objective of the study is application of Eulerian approach to the nonlinear elastic rod the-
ory and the contact problem of fitting the belt as an elastic circular ring to smooth frictionless
pulleys for calculating strains, stresses. contact forces, reaction forces and their localization.
The belt is considered as Cosserat material lines, whose particles have the translational and
rotational degrees of freedom. The nonlinear boundary value problem is reduced to the ordi-
nary differential equations which are solved by the finite differences method and the shooting
method. The belt shape and the stresses are determined in the nonlinear formulation which
delivers the contact reaction and the contact area. The developed method is applicable for
calculating the stress and strain factor for any set of the geometrical and stiffness parame-
ters.AcknowledgementThe research is carried out in the framework of the joint project of the
Russian Foundation for Basic Research (grant 14-51-15001) and the Austrian Science Fund
(FWF, grant I 2093 International Project).
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08.03.2016 14:30 Yury Vetyukov Altgebäude (Pockelsstrasse), Raum PK4.7
Finite vibrations of axially moving beams and strings: non-material finite element anal-
ysis
Yury Vetyukov (Vienna University of Technology)
Many researchers have been inspired by the challenging questions of dynamics and stability
of axially moving strings and beams, see investigations [1, 2, 3, 4, 6]. We propose a novel
numerical approach to modeling axially moving structures with the consistent account of the
geometric nonlinear effects, which may be crucial for dynamically instable or super-critical
behavior. While an extension of Lagrangian equations of motion of the second kind to open
systems with a mass flow has been presented by Irschik and Holl [5], we begin the analysis
with the principle of virtual work for a part of the one-dimensional structure, which is currently
inside the active domain: ∫ sL
s0
(ρw ·δu−δU)ds= 0. (1)
Here u is the displacement of a particle with the material coordinate s at the time instant
t,w = u¨is its acceleration, ρ is the mass density and δU is the variation of the strain energy
owing to the virtual deformation δu, which determines the elastic response of the rod or of
the string.The structure is moving axially in the direction of the x axis across a given domain
0 ≤ x ≤ L, such that the material coordinates of the end points of the active domain s0,L vary
in time. Kinematic boundary conditions in the form of given transverse positions and axial
velocities are assumed at both ends, which explains the absence of boundary terms in (1) as
δu = 0 in x= 0,L.Transforming the above variational equation to the Eulerian description, in
which u becomes a function of the spatial coordinate x = s+ ux, we account for the rule of
transformation of variations:
δu = δu|x=s+ux = δ˜u+
∂ux
∂x
δux ⇒ δux =
(
1− ∂ux
∂x
)−1
δ˜ux, (2)
in which δ˜ stands for a variation at a given spatial point x. Further mathematics provides a
consistent finite element model with nodes at fixed positions xk. Being a specific variant of the
broad family of Arbitrary Lagrangian-Eulerian formulations, the strategy is efficient and novel
in structural mechanics. Solutions of benchmark problems have been successfully compared
against the results of discrete particle simulations.
References
[1] L.-Q. Chen. Analysis and Control of Transverse Vibrations of Axially Moving Strings.
ASME Applied Mechanics Reviews 58 (2005), 91–116.
[2] V. Eliseev, Yu. Vetyukov. Effects of deformation in the dynamics of belt drive. Acta Me-
chanica 223 (2012), 1657–1667.
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08.03.2016 14:50 Andreas Mini Altgebäude (Pockelsstrasse), Raum PK4.7
Computational closed-loop control of fluid-structure interaction for lightweight struc-
tures
Andreas Mini (Technische Universität München), Christopher Lerch (Technische Universität
München), Roland Wüchner (Technische Universität München), Kai-Uwe Bletzinger (Tech-
nische Universität München)
When dealing with lightweight structures in civil engineering one of the effects that has to be
taken into account is their dynamic excitation due to wind. Since this problem can hardly be
dealt with in an experimental manner, a partitioned fluid-structure interaction can be conducted
to describe the behaviour of such a problem. The advantage of the partitioned approach to this
problem is the possibility of calculating the fluid and the structural subsystem in a segregated
manner. The coupled simulation is carried out by running the subsystems independently while
during the simulation the subsystems exchange data.Furthermore this approach enables us to
include additional subsystems especially a controller to the simulation framework.Here we
present different possibilities of coupling fluid-structure interaction problems with different
variants of controllers for closed-loop control. Herein especially the algorithmic structure of
coupling the three fields of fluid, structure and control and its stability is discussed. Finally a
well-known benchmark example for fluid-structure interaction is expanded by a state-feedback
control.
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08.03.2016 15:10 Rolf Findeisen Altgebäude (Pockelsstrasse), Raum PK4.7
Force feedback control: a predictive path following perspective
Rolf Findeisen (Otto von Guericke University Magdeburg), Khalid J. Kazim (Otto von Guer-
icke University Magdeburg), Pablo Zometa (Otto von Guericke University Magdeburg)
We propose an unified approach towards path following and force feedback control. To
achieve force feedback, the desired force/admittance dynamics is considered as an coordinate
in the path following problem [1, 2]. The resultingpath following problem is solved consider-
ing a modified predictive control formulation which allows the inclusion of constraints. The
proposed approach is validated considering an example from robotics.
References
[1] T. Faulwasser, V. Hagenmeyer, and R. Findeisen. Constrained reachability and trajectory
generation for flat systems. Automatica, 50(4):1151-1159, 2014.
[2] T. Faulwasser, and R. Findeisen. Nonlinear Model Predictive Control for Constrained Out-
put Path Following. IEEE T. Action Automatic Control, 2016, to appear.
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08.03.2016 15:30 Stefan Jakubek Altgebäude (Pockelsstrasse), Raum PK4.7
Emulating the properties of a perfectly matched layer with an optimal feedback con-
troller
Stefan Jakubek (Vienna University of Technology), Daniel Ritzberger (Vienna University of
Technology), Alexander Schirrer (Vienna University of Technology)
In this work, a novel boundary control scheme is presented that emulates the absorbing prop-
erties of a perfectly matched layer to approximate the free-wave solutionof partial differential
equations. The presented method does not rely on the transformation of the partial differen-
tial equation (known as "‘complex coordinate-stretching"’) which typically introduces several
auxiliary fields. The desired absorbing properties are formulated as an optimization prob-
lem instead, efficiently exploitingthe dispersion relation. Through analytic optimization, a
constant-gain state-feedback boundary layer controller is found. Thereby, no additional aux-
iliary variables are introducedmaking this approach highly computationally efficient. A prac-
tical application considered is the moving Euler-Bernoulli beam equation under axial tension,
which is used in modelingthe dynamics of railway overhead lines with respect to train-fixed
coordinates. Due to their "‘endless"’ physical nature, reflections at the boundary of the com-
putational domain areunwanted disturbances which are efficiently attenuated by the optimal
boundary layer controller.
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08.03.2016 13:30 Christian Wieners Altgebäude (Schleinitzstrasse), Raum SN19.1
Space-time discontinuous Galerkin discretizations for linear first-order hyperbolic evo-
lution systems
Christian Wieners (KIT)
We introduce a space-time discretization for linear first-order hyperbolicevolution systems us-
ing a discontinuous Galerkin approximation in space and aPetrov–Galerkin scheme in time.
We show well-posedness and convergence of thediscrete system. Then we introduce an adap-
tive strategy based on goal-orienteddual-weighted error estimation. The full space-time linear
system is solvedwith a parallel multilevel preconditioner. Numerical experiments for the lin-
eartransport equation and the Maxwell equation in 2D underline the efficiency ofthe overall
adaptive solution process.This is a joint work with W. Dörfler and S. Findeisen.
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08.03.2016 13:50 Martin Neumüller Altgebäude (Schleinitzstrasse), Raum SN19.1
Analyzing a parallel space-time solver
Martin Neumüller (Johannes Kepler University Linz)
In this talk we present and analyze a parallel space-time multigrid solver by using the Fourier
mode analysis. We will consider parabolic and hyperbolic problems and we will discuss the
difficulties concerning the hyperbolic case. We then explain how to implement the new multi-
grid algorithm in parallel, and show with numerical experiments its excellent strong and weak
scalability properties.
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08.03.2016 14:10 Roman Andreev Altgebäude (Schleinitzstrasse), Raum SN19.1
Space-time discretization and preconditioning of parabolic evolution equations
Roman Andreev (LJLL (Paris VII))
A variational formulation is the basis for finite element discretizations of 2nd order elliptic
problems. In a similar way, for parabolic evolution equations we start with a space-time vari-
ational formulation, and propose stable Petrov–Galerkin discretizations and preconditioners.
This allows for space-time parallel computation. The discretization is based on tensor product
bases, allowing to reuse existing spatial finite element codes. The multilevel preconditioners
are obtained from the mapping properties of the continuous parabolic operator. We discuss an-
alytical and algorithmic aspects, and show numerical experiments illustrating parallelization
in time.
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08.03.2016 14:30 Johannes Tausch Altgebäude (Schleinitzstrasse), Raum SN19.1
Fast Galerkin BEM for Transient Stokes Flow
Johannes Tausch (Southern Methodist University)
Time dependence in boundary integral reformulations of parabolic PDEs is reflected in the fact
that the layer potentials involve integrals over time in addition to integrals over the boundary
surface.
For the numerical solution this implies that a time step involves the summation over space and
the complete time history. Thus the naive approach has order N2M2 complexity, where N is
the number of unknowns in the spatial discretization and M is the number of time steps. With
a space-time version of the fast multipole method the the complextiy can be reduced to nearly
NM.
We discuss the application of the methodology to three-dimensional transient Stokes flow.
Perhaps surprisingly, this is not straight forward, because of different properties of the funda-
mental solutions of the heat and Stokes equations.
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08.03.2016 14:50 Martin Schanz Altgebäude (Schleinitzstrasse), Raum SN19.1
Convolution Quadrature based BEM in acoustics for absorbing boundary conditions
Dominik Pölz (Graz University of Technology), Stefan Sauter (University of Zurich),
Martin Schanz (Graz University of Technology)
In many fields of engineering the acoustic behavior has to be determined, e.g. the sound dis-
tribution in a room or the sound radiation into the surrounding. Often, the goal is to obtain
a sound pressure field such that disturbing noise is reduced to an acceptable level. In room
acoustics sound absorbing materials are often used to obtain this goal. The mathematical de-
scription is done with the Helmholtz equation and absorbing boundary conditions. The numer-
ical treatment can be done with Boundary Element methods, where the absorbing boundary
results in a Robin boundary condition. This boundary condition connects the Neumann trace
with the time derivative of the Dirichlet trace.
In this presentation, three boundary integral formulations are given. Two of them are indirect
methods, which either use the single layer or the double layer potential. The third formulation
is a direct method utilizing the Steklov-Poincaré operator. The convolution quadrature method
is applied for time discretisation, which allows a simple formulation of the Robin boundary
condition in Laplace domain. Convergence studies with a refinement in space and time show
the expected rates. A realistic example for indoor acoustics, the computation of the sound
pressure level in a staircase of the University of Zurich, show the suitability of this approach
in determining the indoor acoustics. The absorbing boundary conditions show the expected
behavior.
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08.03.2016 13:30 Andrea Barth Schleinitzstrasse 23, Raum SN23.1
Multilevel Monte Carlo methods for multiscale problems
Andrea Barth (SimTech, University of Stuttgart)
Multilevel Monte Carlo methods were introduced to lower the computational complexity for
the calculation of, for instance, the expectation of a random quantity. More precisely, in com-
parison to standard Monte Carlo methods the computational complexity is (asymptotically)
equal to the calculation of one sample of the problem on the finest grid used. The price to pay
for this increase in efficiency is that the problem needs to be solved not only on one (fine) grid,
but on a hierarchy of discretizations. This implies, first, that the solution has to be represented
on all grids and, second, that the variance of the detail (the difference of approximate solu-
tions on two consecutive grids) converges with the refinement of the grid. In this talk, I will
give an introduction to multilevel Monte Carlo methods in the case when the variance of the
detail does not converge uniformly. The idea is illustrated by the calculation of the expecta-
tion for an elliptic problem with a random multiscale coefficient and then extended to further
applications.
This is partly joint work with Christoph Schwab (ETH Zurich) and Assyr Abdulle (EPF Lau-
sanne).
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08.03.2016 13:50 Carsten Proppe Schleinitzstrasse 23, Raum SN23.1
Multiscale simulation of systems with geometric uncertainties
Maximilian Geißendörfer (), Maxime Koebelé-Cousquer (), Rugierri Toni Liong (),
Carsten Proppe (Karlsruhe Institute of Technology)
Uncertainty quantification on multiple scales has seen a growing interest in recent years, and
many of the methods that have been developed are based on polynomial chaos expansions.
However, in most of the applications that have been investigated, ad hoc assumptions on the
distributions of mesoscopic properties, such as material parameters have been made. These
assumptions are justified by recourse to engineering knowledge at best.Taking a closer look
on the origin of uncertainties in engineering, one can distinguish two different sources for
uncertainties:
1. Properties of technical artefacts vary due to manufacturing processes. These variations
are best described by epistemic uncertainties that are calibrated based on engineering
knowledge.
2. Natural variations on the microscale propagate to the macroscale. E.g. natural turbu-
lence of wind or water flow may cause random structural vibrations.
From this point of view, variations of geometric properties of technical artefacts fall in be-
tween these two categories. Although the geometry of technical artefacts is the result of a
manufacturing process, natural variations are present e.g. due to wear. Moreover, geometric
variations occur frequently on the microscale and may propagate to the structural scale, where
they influence the structural behavior.Variations of the geometry can be detected by image-
based techniques such as interferometry or tomography and analyzed by means of stochastic
geometry. Image-based techniques allow for the quantification of geometric properties such
as variations in length, angle, are or volume. From these variations, stochastic processes that
generate random geometries can be calibrated.We present a general procedure for modeling
and propagation of geometric uncertainties from the microscale to the structural level and il-
lustrate the approach by applications in engineering. The procedure consists of three steps. In
the first step, a random geometry model is adopted from geometric measurements or image
analysis. In the second step mesoscopic properties are derived from an analysis of specimen
with random geometry. The stochastic description of mesoscale parameters leads to stochas-
tic differential or partial differential equations on the structural level. They can be solved by
classical solution methods such as stochastic integration or polynomial chaos expansion tech-
niques. The results that can be obtained are not limited to first and second order statistical
moments of response quantities. Also distributions can be obtained, which is of importance
for reliability analysis. Moreover, epistemic uncertainties for engineering parameters can be
integrated in the proposed procedure by an additional loop.
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08.03.2016 14:10 Matteo Broggi Schleinitzstrasse 23, Raum SN23.1
Survival-signature basedmethods for reliability analysis of multi-component networked
systems
Matteo Broggi (Leibniz University of Hannover), Geng Feng (University of Liverpool),
Edoardo Patelli (University of Liverpool), Michael Beer (Leibniz University of Hannover),
Frank P.A. Coolen (Durham University)
Survival signature [1][2] is a powerful and generally applicable approach to quantify the reli-
ability of a networked system. It represents an alternative procedure traditional system mod-
elling methods for reliability analysis based on the calculation of structural function and its
reduction on minimal cut sets. Close form solutions are available only when specific distri-
bution family are used to represent the component failures [3]. In general, for the analysis
of large-scale networked systems analytical models are intractable. Additionally, in practical
applications, some of the parameters of the networked system might not be defined completely
due to limited data, which implies the need to take imprecisions of component specifications
into account. Hence, generally applicable simulation methods are required [4]. In this contri-
bution, novel simulation methods for evaluating the system reliability based on survival signa-
ture are presented. These numerical procedures based on survival signature allow to analysing
realistic and large-scale systems including parameter uncertainties and imprecisions. One of
the main advantages of the proposed approach is that only a single estimation of the survival
signature is needed, while Monte Carlo simulation is used to generate component transition
times, creating an efficient numerical framework. Finally, some numerical examples will be
presented to show the general applicability and capability of the proposed approach.
References
[1] R. G. Miller Jr. Survival analysis. John Wiley & Sons, 2011, vol. 66.
[2] F. J. Samaniego. System signatures and their applications in engineering reliability.
Springer Science & BusinessMedia (2007), vol. 110.
[3] S. Eryilmaz. Review of recent advances in reliability of consecutive k-out-of-n and related
systems. Proceedingsof the Institution of Mechanical Engineers, Part O:Journal of Risk
and Reliability, vol. 224, no. 3, pp. 225–237, 2010.
[4] F. P. Coolen, T. Coolen-Maturi. Generalizing thesignature to systems with multiple types
of components.in Complex Systems and Dependability. (2012),pp. 115–130.
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08.03.2016 14:30 Steffen Freitag Schleinitzstrasse 23, Raum SN23.1
Surrogate Modelling for Real-Time Predictions of Mechanised Tunnelling Processes
with Interval Data
Steffen Freitag (Ruhr University Bochum), Ba Trung Cao (Ruhr University Bochum), Günther
Meschke (Ruhr University Bochum)
Mechanised tunnelling is an efficient technology for the construction of new underground
infrastructures, in particular in urban environments. In order to reduce tunnelling induced
settlements, or to avoid that accepted settlements are exceeded, which eventually may result
in damage of existing structures, the machine driver can adjust process parameters such as
the face support pressure, the grouting pressure, and the advance speed of the tunnel boring
machine (TBM). Currently, the TBM steering is supported by monitoring data of machine
parameters and settlements at selected monitoring points. However, using monitoring data
implies that information (data) related to already passed situations is used to extrapolate the
tunnelling process. In contrast, finite element (FE) models can provide predictions on the
expected settlement field. Here, a process oriented 3D FE model for shield-supported tunnel
excavation in fully saturated soft soils is utilized to support TBM steering taking into account
the most important components of a mechanised tunnelling process. For real-time predictions
during the tunnel construction, the FE model is substituted by a hybrid surrogate model com-
bining Artificial Neural Network and Proper Orthogonal Decomposition approaches. Based
on Recurrent Neural Network (RNN) predictions at selected monitoring points of the settle-
ment field, the Gappy Proper Orthogonal Decomposition (GPOD) is used to approximate and
predict the whole surface settlement field induced by the mechanised tunnelling process. The
surrogate model parts are generated, trained and tested in the design (offline) stage of a tunnel
project using input-output patterns based on numerical results obtained from FE analyses. In
the construction (online) stage, the hybrid surrogate model is applied to compute the time vari-
ant surface settlement field for selected scenarios of the tunnelling process steering parameters
taking uncertain geotechnical parameters into account. Thereby, the geotechnical parameters
of the soil layers, which are often given as ranges in the geotechnical reports of a tunnel
project, are quantified as intervals. The resulting mappings of the low dimensional input (i.e.
the time constant geotechnical interval parameters and the time variant deterministic steering
parameters) onto the high dimensional output (all components of the time variant interval set-
tlement field) are solved online by an interval analyses approach using the midpoint-radius
representation of interval data. For this purpose, the RNN and GPOD surrogate models are
split for separate midpoint and radius computations of the interval data. While the midpoint
computations are performed without constraints, the radius computations are restricted to pos-
itive numbers. This constraint, is considered using Non-Negative Matrix Factorisation for
the GPOD part and adequate activation functions in the RNN part of the hybrid surrogate
model. The online computational time of the new surrogate modelling approach is only about
5 seconds to compute the interval bounds of a settlement field with more than 100 settlement
components. With such a fast response, the proposed strategy can by utilized for real-time pre-
dictions to support the TBM steering, as it enables to quickly investigate the consequences of
certain process parameters on the expected settlements in the subsequent excavation stages.
149

08.03.2016 14:50 Matthias Faes Schleinitzstrasse 23, Raum SN23.1
A convex set-based optimization scheme for the identification of Interval Field uncer-
tainty in Finite Element models
Matthias Faes (KU Leuven), Jasper Cerneels (KU Leuven), Dirk Vandepitte (KU Leuven),
David Moens (KU Leuven)
During the last three decades, numerical modelling techniques have gained an increasing
amount of interest in engineering, due to the exponential growth in computing power. Nowa-
days, the deterministic Finite Element (FE) method, an efficient tool to accurately solve the
Partial Differential Equations (PDE) that govern most real-world problems, has become an
indispensable tool for an engineer in various design stages. A recent trend in Finite Element
modelling is to use to ever increasing computer power to incorporate uncertainty and variabil-
ity, which are inherent to all processes in our everyday live, into the FE models.
In this context, several advanced techniques for taking both inter – (i.e., variability between
nominally identical parts) and intra – variability (i.e., spatial variability within one part) into
account, have been introduced. In the framework of a non-probabilistic variability represen-
tation, especially the theory of Interval Fields (IF) was proven to show promising results.
Following this approach, variability in the input FE model is introduced as the superposition
of base vectors, depicting the spatial ‘patterns’, which are scaled by interval factors, which
represent the actual variability.
Application of this concept, however, requires identification of the governing parameters of
these interval fields, i.e. the base vectors and interval scalars. This work therefore focusses on
finding a solution to the inverse problem, where the spatial uncertainty on the output side of
the model is known from measurement data, but the spatial variability on the input parameters
is unknown. Based on an a priori knowledge on the constituting base vectors of the interval
field, the simulated output of the IFFEM computation is compared to measured data, and the
input parameters are iteratively adjusted in order to minimize the discrepancy between the
variability in simulation and measurement data. This discrepancy is defined based on geo-
metric properties of the convex sets of both measurement and simulation data. The inverse
procedure is demonstrated using simulated measurement data and is illustrated on an Euler-
Bernouilli beam. The robustness of the algorithm is checked against different initial guesses
and a link towards further expansion of the concept is illustrated. It is shown that accurate
results are achievable using the proposed methodology.
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08.03.2016 15:10 Jörg Fehr Schleinitzstrasse 23, Raum SN23.1
Fuzzy-Based Analysis of a Hill-Type Muscle Model
Jörg Fehr (University of Stuttgart), Julian Fuhrer (University of Stuttgart), Christian Klein-
bach (University of Stuttgart), Michael Hanss (University of Stuttgart), Peter Eberhard (Uni-
versity of Stuttgart)
For complex locomotion simulations, a 1-D massless Hill-type muscle modeling approach,
which predicts passive and active muscle forces between origin and insertion points, is a very
suitable choice. The Hill-type model from [1] was implemented in this work in Neweul-
M2. After validation of the isometric and concentric contraction of the muscle model against
measurements of piglet muscles, the model is used to simulate a single leg hop. Four elements
are used to model the muscle tendon complex (MTC). Their forces
FCE(lCE, l˙CE,q)+FPEE(lCE) = FSEE(lCE, lMTC)+FSDE(lCE, l˙CE, l˙MTC,q) (1)
are in equilibrium, where q represents the time-dependent muscle activity and Fi,
i= {CE,PEE,SEE,SDE}, are the forces of the contractile (active) element (CE), the parallel
elastic element (PEE), the serial elastic element (SEE), and the serial damping element (SDE).
The overall length of the MTC is the muscle length lMTC = lCE+ lSEE, where li are the element
lengths. Therefore, every muscle introduces one additional internal degree of freedom, for the
internal state variable lCE, into the multibody simulation of the muscle model.
Various anatomical and physiological parameters, subject to natural variability or scatter, need
to be chosen prior to the simulation to define the four elements describing the Hill-type muscle
model, e.g. the optimal fibre length lCE,opt, the Hill parameters Arel(lCE,q), Brel(lCE,q) or the
force characteristic of the SEE element. As the natural variance of parameters is not well
known, the parameters are modeled as uncertain fuzzy parameters p˜ which are defined by
their upper-semi-continuous membership functions µ p˜ ∈ [0,1]. Afterwards, the sensitivity
measures of the parameters involved in an isometric and a concentric contraction of the piglet
muscle and the single leg hop are determined using Famous in combination with Neweul-
M2, see e.g. [2]. The sensitivity analysis quantifies the influence of individual parameters or
subsets of parameters on the output quantity of interest q˜= f (p˜).
The two geometric parameters optimal fibre length lCE,opt and rest length lSEE,0, as well as
the isometric force Fmax have the largest influence on the piglet muscle model. In addition, in
human hopping simulations the rest length lSEE,0 has a larger influence than in the isometric
case and also the internal contraction velocity plays a more prominent role. Consequently, it
is possible to analyze the influence of the parameters to reach the anatomical rest length l˜m,0
in the model. Hence, the sensitivity analysis provides information where additional effort is
necessary for further improvement of the muscle models to achieve a robust design of muscle
models for overall human body simulations.
[1] D. Haeufle, M. Günther, A. Bayer, S. Schmitt. Hill-type Muscle Model with Serial Damping
and Eccentric Force-Velocity Relation. Journal of Biomechanics 47 (2014), 1531–1536.
[2] N. Walz, M. Burkhardt, M. Hanss, P. Eberhard. Sensitivity Computation for Uncertain Dynam-
ical Systems Using High-Dimensional Model Representation and Hierarchical Grids.
Procedia IUTAM 13 (2015), 127–137.
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08.03.2016 13:30 Nicole Gehring Schleinitzstrasse 20, Raum SN20.2
An algebraic algorithm for parameter identification in a class of systems described by
linear partial differential equations
Nicole Gehring (Technische Universität München), Joachim Rudolph ()
While a wide range of identification methods is known for finite-dimensional systems, this
is not the case for systems described by partial differential equations, i.e. systems of infinite
dimension. As a result, most methods rely on finite-dimensional approximations. In contrast,
the algebraic approach sketched here is an exact method that does not require any approxima-
tions. It derives simple polynomial equations relating the concentrated measurements and the
unknown parameters by using the Laplace transform and applying methods of commutative
and differential algebra such as the Ritt algorithm and the Buchberger algorithm for comput-
ing Gröbner bases. In the end, the identification of parameters requires only the calculation of
convolution products of measurement signals.
The algebraic identification approach has previously been applied to different infinite dimen-
sional systems, such as the transport equation, the heat exchanger, or the telegrapher’s equa-
tions. Here, an algebraic algorithm is presented generalizing the underlying ideas from these
examples to the class of systems described by linear one-dimensional partial differential equa-
tions. Case studies serve to illustrate the theoretical results.
155

08.03.2016 13:50 Philippe Martin Schleinitzstrasse 20, Raum SN20.2
Flatness and null controllability of 1-D parabolic equations
Philippe Martin (MINES ParisTech, PSL Research University), Lionel Rosier (MINES Paris-
Tech, PSL Research University), Pierre Rouchon (MINES ParisTech, PSL Research Univer-
sity)
We present some recent results on null controllability of one-dimensional linear parabolic
equations of the form(
a(x)θx
)
x+b(x)ux+ c(x)u−ρ(x)ut = 0, x ∈ (0,1) (1)
α0θ(0, t)+β0a(0)θx(0, t) = 0, (2)
α1θ(1, t)+β1a(1)θx(1, t) = u(t), (3)
where u is the control input. The coefficients a, b, c and ρ can be fairly irregular, in particular
present discontinuities, degeneracies or singularities at some isolated points; the boundary
conditions at both ends are of generalized Robin-Neumann type, with constant coefficients
α0,β0,α1,β1.Given any initial condition θ0 such that ρθ0 ∈ L1(0,1) and any final time T , we
explicitly construct an open-loop control which steers the system from the initial state θ0 at
time 0 to the final state 0 at time T . This control is very regular (namely Gevrey of order s with
1 < s < 2); it is simply zero till some (arbitrary) intermediate time τ , so as to take advantage
of the smoothing effect due to diffusion, and then given by a series from τ to the final time T .
Its construction uses two main ingredients:
• the eigenvalue problem associated to (1)–(3) with zero control is “well-behaved”
• the flatness property of (1)–(3), i.e. there is a one-to-one correspondence between regu-
lar (Gevrey s in time) solutions of (1)–(3) and regular (Gevrey s) arbitrary functions of
time.
We illustrate the effectiveness of the approach on a nontrivial numerical example.
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08.03.2016 14:10 Simon Kerschbaum Schleinitzstrasse 20, Raum SN20.2
Backstepping-based output regulation of systems with infinite-dimensional actuator
and sensor dynamics
Simon Kerschbaum (FAU Erlangen), Joachim Deutscher (FAU Erlangen)
Input and output delays occur in many practical applications of controlling dynamic systems
described by ODEs. Common examples are chemical processes or control over communi-
cation networks. One possibility of handling the delays is their description by a transport
PDE with boundary actuation, which leads to coupled PDE-ODE systems. An important tool
to compute stabilizing state feedback controllers and respective observers for boundary con-
trolled PDEs is the backstepping method (see, e.g. [KS08]), which still is an active research
area. In [Krs09, TX11] the backstepping method is extended for the stabilization of PDE-ODE
systems. Thereby, the PDE subsystems needn’t describe constant delays, but can also be of
parabolic type or can model unknown delays, time-varying delays, etc. In these approaches
only the backstepping design of stabilizing state feedback controllers is considered. However,
in addition, the asymptotic tracking of reference signals in the presence of disturbances is an
important control problem as well. In [Deu15] this output regulation problem is solved for
parabolic systems by using the backstepping method.
In this contribution the output regulation problem is considered for an ODE system with an
actuator governed by a diffusion-reaction system with spatially varying coefficients and a con-
stant delayed measurement. In order to solve the output regulation problem, the backstepping
coordinates are employed on the PDE subsystem to facilitate both the decoupling into an ODE-
PDE cascade and the solution of the regulator equations. For the resulting ODE-PDE cascade
the regulator equations can be represented by ODEs with constant coefficients. Hence, they
can be solved explicitly and the corresponding solvability conditions can be derived easily.
As the resulting controller requires feedback of the states of the ODE system and the signal
model, a disturbance observer is introduced in the following. Hereby, the output delay is rep-
resented as a first order hyperbolic system so that the observer error dynamics is described by
a coupled ODE-PDE system. Applying another backstepping transformation to the observer
error dynamics simplifies its decoupling into the ODE-PDE cascade and allows the explicit
computation of the observer gains as well as the derivation of existence conditions for the
disturbance observer. A simple example demonstrates the results of the contribution.
References
[Deu15] DEUTSCHER, J.: A backstepping approach to the output regulation of boundary controlled parabolic
PDEs. In: Automatica 57 (2015), pp. 56–64
[Krs09] KRSTIC, M.:Delay Compensation for Nonlinear, Adaptive, and PDE Systems.Birkhäuser, 2009
[KS08] KRSTIC, M. ; SMYSHLYAEV, A.:Boundary Control of PDEs.SIAM, Philadelphia, 2008
[TX11] TANG, S. ; XIE, C.: State and output feedback boundary control for a coupled PDE-ODE system. In:
Systems & Control Letters 60 (2011), pp. 540–545
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08.03.2016 14:30 Yann Le Gorrec Schleinitzstrasse 20, Raum SN20.2
Energy shaping of boundary controlled port Hamiltonian Systems
Yann Le Gorrec (FEMTO-ST UBFC), Alessandro Macchelli (University of Bologna), Hector
Ramirez (FEMTO UFC-UBFC), Hans Zwart (University od Twente)
In this paper, we refer to the class of linear distributed port-Hamiltonian systems that have
been studied in[1, 2], i.e. to systems described by the PDE
∂x
∂ t
(t,z) = P1
∂
∂ z
(
L (z)x(t,z)
)
+(P0−G0)L (z)x(t,z) (1)
with x ∈ Rn, and z ∈ [a, b]. Moreover, P1 = PT1 and invertible, P0 = −PT0 , G0 = GT0 ≥ 0, and
L (·) is a bounded and continuously differentiable matrix-valued function such that L (z) =
L T (z) and L (z)≥ κI, with κ > 0, for all z ∈ [a, b]. This class is quite general and includes
models of flexible structures, traveling waves, heat exchangers, and linearised models of bio or
chemical reactors among others. The PDE (1) is completed by a set of boundary port variables
defined by: (
f∂
e∂
)
=
1√
2
(
P1 −P1
I I
)(
(L x)(b)
(L x)(a)
)
. (2)
such that dH(x)dt = e
T
∂ (t) f∂ (t) with H(x) = 〈x,L x〉L2 . We show that the feedback law u =
β (x)+u′, with u′ an auxiliary boundary input, maps (1), into the target dynamical system
∂x
∂ t
(t,z) = P1
∂
∂ z
δHd
δx
(x(t))(z)+(P0−G0)δHdδx (x(t))(z)
u′(t) =WR
(δHdδx (x))(b)(
δHd
δx (x)
)
(a)
 ,W T [ 0 II 0
]
ΣW ≥ 0
(3)
with Hd(x) = H(x)+Ha(x), provided that
P1
∂
∂ z
δHa
δx
(x)+(P0−G0)δHaδx (x) = 0 (4)
β (x)+WR
(δHaδx (x))(b)(
δHa
δx (x)
)
(a)
= 0. (5)
Furthermore we show this system is asymptotically stable provided that dissipation is added
considering a new set of power conjugated input and output. In a second instance we show
how such control design is related to backstepping. To end this result is illustrated on the
boundary control of a Timoshenko beam.
References
[1] Y. Le Gorrec, H. Zwart, B. Maschke: Dirac structures and Boundary Control Systems associated with Skew-
Symmetric Differential Operators. In: SIAM J. Contr. Optim., 44(5), 2005,pp. 1864-1892.
[2] B. Jacob, H. Zwart: Linear port-Hamiltonian systems on infinite-dimensional spaces. Springer, 2012.
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08.03.2016 14:50 Paul Kotyczka Schleinitzstrasse 20, Raum SN20.2
On finite volume methods for the structure-preserving discretization of port-
Hamiltonian systems
Paul Kotyczka (Université Claude Bernard Lyon 1)
Current methods to obtain nonlinear, finite-dimensional (control) models for distributed pa-
rameter systems preserving their port-Hamiltonian structure are based on either a mixed finite
element or a pseudospectral approach. For hyperbolic systems of conservation laws, however,
finite volume methods are widespread with a large number of variations, among which conser-
vative methods like the so-called (generalized) Leapfrog schemes on staggered grids. In this
contribution, it is shown how the latter are used to derive finite-dimensional port-Hamiltonian
approximation models of open systems of two conservation laws in one spatial dimension. An
advantage of this approach is that the consistency order inside the spatial domain can be easily
increased by using a wider stencil (while, as a well-known fact, additional measures are nec-
essary to achieve the same accuracy at the boundaries). A direct feedthrough in the discretized
model, which occurs typically in current structure-preserving port-Hamiltonian methods and
is at odds with the finite propagation speed in hyperbolic systems, is avoided. The extension to
higher spatial dimensions is conceptually simple. Unlike current methods, which are derived
based on the governing partial differential equations, the proposed approach departs from the
integral formulation of the conservation laws on discrete balance volumes.
Besides the derivation of the main result, some observations on existing structure-preserving
discretization schemes are presented, among which the relation of a frequently used appli-
cation case of the mixed finite element method to the presented approach. Simulations with
different benchmark examples illustrate the properties of the proposed method.
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08.03.2016 15:10 Martin Gubisch Schleinitzstrasse 20, Raum SN20.2
Efficient a-posteriori error control and POD basis updates in PDE-constrained optimal
control
Martin Gubisch (Universitaet Konstanz), Stefan Volkwein (Universitaet Konstanz)
A nonlinear optimal control problem governed by an evolution equation is considered. To
solve this problem numerically, a reduced-order approach based on proper orthogonal decom-
position (POD) is applied. The error between the POD suboptimal control and the optimal
control of the original problem is controlled by an a-posteriori error analysis. However, if the
POD basis has bad approximation properties, a huge number of POD basis functions is re-
quired to solve the reduced-order problem with the desired accuracy. To overcome this prob-
lem, there are different POD update strategies like, e.g., Trust-Region POD (TR-POD) and
Optimality-System POD (OS-POD). These update strategies are combined efficiently with
the a-posteriori error analysis, that is illustrated by numerical examples.
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08.03.2016 15:30 Dominik Kern Foyer Altgebäude
Variational Integrators for Simulation and Control of Electromechanical Systems
Dominik Kern (TU Chemnitz)
Variational integrators are modern time-integration schemes that extend naturally to optimal
control. In this contribution such integrators are developed for discrete electromechanical
systems and further utilized for optimal control. The point of departure is Hamilton’s princi-
ple either in displacement/charge or in displace- ment/flux linkage formulation. Dissipation,
such as friction, viscosity, heat transfer and electric resistance, as well as external forcing are
included via the Discrete D’Alembert principle. Holonomic constraints are enforced on po-
sition and velocity level by the RATTLE method. The control task is split into feed-forward
and feed-back. The feed-forward control determines a nominal trajectory that minimizes a
certain cost functional, such as time or energy. The feed-back control stabilizes this trajectory
by LQR-control of local linearizations around it. As model problem serves a planar double
pendulum that is actuated by an electric drive.
167

08.03.2016 15:30 Fleurianne Bertrand Foyer Altgebäude
Approximated Flux Boundary Conditions for Raviart-Thomas Finite Elements
Fleurianne Bertrand (Universität Duisburg-Essen), Gerhard Starke (Universität Duisburg
Essen)
Optimal order convergence of a first-order system least squares method using lowest-order
Raviart-Thomas elements combined with linear conforming elements is shown for domains
with curved boundaries. Parametric Raviart-Thomas elements are presented in order to retain
the optimal order of convergence in the higher-order case in combination with the isopara-
metric scalar elements. In particular, an estimate for the normal flux of the Raviart-Thomas
elements on interpolated boundaries is derived in both cases. This is illustrated numerically
for the Poisson problem on the unit disk. As an application of the analysis derived for the
Poisson problem, the effect of interpolated interface condition for a stationary two-phase flow
problem is then studied.
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08.03.2016 15:30 Julian Kochmann Foyer Altgebäude
Two-scale FE-FFT- and phase-field-based computational modeling of microstructure
evolution and macroscopic material behavior
Julian Kochmann (RWTH Aachen University), Stephan Wulfinghoff (RWTH Aachen Univer-
sity), Bob Svendsen (RWTH Aachen University), Stefanie Reese (RWTH Aachen University)
The purpose of this work is the development of a two-scale, FE-FFT- and phase-field-based
computational model of microstructure evolution and structural material behavior of viscoplas-
tic polycrystals. The macroscopic initial boundary value problem (IBVP) is solved using finite
element (FE) methods. The solution of the microscopic IBVP, which is embedded as a rep-
resentative volume element (RVE) in each macroscopic integration point, is found using fast
Fourier transform (FFT), augmented Lagrangean and fixed-point methods. The solution of
the microscopic IBVP yields microstructure and texture evolution and defines the local con-
stitutive relation. Non-conserved phase-fields are introduced to characterize the local phase
composition and model structural reorientations of the crystalline lattice (e.g. martensitic
phase transformations, dynamic recrystallization). The constitutive response at the RVE-level
is determined by phase-field evolution, dislocation slip and the interaction between both mech-
anisms (e.g. inheritance of plastic slip). As a first example of the proposed methodology, the
approach is applied to the modeling of martensitic phase transformations in polycrystalline
materials subjected to macroscopic mechanical deformations. The evolution of the microstruc-
ture and fields of particular interest such as the state of eigenstress and the volume fraction of
retained austenite are discussed at different deformation stages.
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08.03.2016 15:30 Kathrin Flaßkamp Foyer Altgebäude
Ergodic Optimal Control
Kathrin Flaßkamp (University of Bremen)
Robotic exploration and searching tasks can be formulated as optimal control problems. As
a trade-off between point-to-point maneuvers and uniform coverage strategies, ergodicity can
be used as a metric in the optimal control formulation. Trajectories are ergodic with respect
to a measure when the amount of time spent in a neighborhood is proportional to the measure
evaluated over the neighborhood. Ergodic optimal control problems need to be solved by
appropriate numerical methods. This work shows the benefits of variational integrator based
optimization methods for efficient and accurate approximation of ergodic control strategies.
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08.03.2016 15:30 Konrad Schneider Foyer Altgebäude
Influences of RVE topology, discretization and boundary conditions in practical multi-
scaling - a comparison
Konrad Schneider (Hamburg University of Technology), Benjamin Klusemann (Leuphana
University of Lüneburg), Swantje Bargmann (Hamburg University of Technology)
The determination of effective material properties or macroscopic constitutive laws based on
the microstructure of heterogeneous media is the major goal in computational micromechan-
ics. Employing fully periodic representative volume elements featuring a periodic topology
and mesh in combination with periodic boundary conditions is state of the art. These setups
are known to perform the best [2, 1]. However, in the framework of finite element simulations
tremendous efforts are required to create models of high quality [3]. This raises the question of
the necessity of generating such complex RVEs over other simplifications typically utilized in
engineering analysis. In the present work, effects of utilizing simpler RVE model setups to de-
termine effective material parameters and responses are investigated. We focus on influences
of different RVE topologies, discretizations and boundary conditions. Here, the case of a fully
periodic RVE (periodic topology, mesh and boundary conditions) acts as a reference solution
to which the alternative approaches are compared to. Exemplarily so called matrix-inclusion
composites, widely used in industrial applications, are considered. General trends for linear
and non-linear material behavior will be presented.
References
[1] V. G. Kouznetsova, M. G. D. Geers, W. A. M. Brekelmans (2010). Computational homog-
enization for non-linear heterogeneous solids. Multiscale Modeling in Solid Mechanics,
1-42.
[2] T. Kanit, S. Forest, I. Galliet, V. Mounoury, D. Jeulin (2003). Determination of the size
of the representative volume element for random composites: statistical and numerical
approach. International Journal of solids and structures, 40, 3647-3679
[3] Schneider, K., Klusemann, B., Bargmann S. (2015). Automatic three-dimensional geom-
etry and mesh generation of periodic representative volume elements for matrix-inclusion
composites. submitted
[4] Schneider, K., Klusemann, B., Bargmann S. (2015). Comparison on topology and bound-
ary conditions for representative volume elements: A benchmark on the example of
matrix-inclusion microstructures. submitted
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08.03.2016 15:30 Martin Siebenborn Foyer Altgebäude
HPC optimization algorithms for interface identification problems
Martin Siebenborn (Trier University)
This poster presents optimization approaches for large scale interface identification problems
prepared for supercomputers. In many applications, which are modeled by partial differential
equations, there is a small number of spatially distributed materials or parameters separated
by interfaces. Often these interfaces form complex contours forcing high resolutions in the
discretization schemes. The challenge is thus to combine HPC techniques with shape opti-
mization in order to come up with scalable algorithms even for very large problems. This can
be achieved by a combination of multigrid strategies and quasi Newton methods. It is also
shown how different shape metrics affect the quality of finite element meshes and which are
the most suitable ones.
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08.03.2016 15:30 Martin Storath Foyer Altgebäude
Jump-sparse recovery using Potts functionals
Martin Storath (EPFL)
We investigate the non-smooth and non-convex Potts functional. We show Γ-convergence of
discrete L1-Potts functionalstowards their continuous counterpart and obtain a convergence
statement for the corresponding minimizers as the discretization gets finer.For the discrete
L1-Potts problem, we introduce an O(n2) time and O(n) space algorithmto compute an exact
minimizer.We apply L1-Potts minimization to the problem of recovering piecewise constant
signals from noisy measurements.It turns out that the L1-Potts functional has a quite interesting
blind deconvolution property.In fact, we show that mildly blurred jump-sparse signals are
reconstructed by minimizing the L1-Potts functional.Furthermore, we present extensions to
more general linear inverse problemsand to higher dimensions.
179

08.03.2016 15:30 Matthias Leuschner Foyer Altgebäude
Reduced order homogenization for nonlinear composite materials with imperfect inter-
faces at the phase boundaries
Matthias Leuschner (University of Stuttgart)
Numerical homogenization schemes for nonlinear composite materials are often related to
enormous computational cost which is prohibitive for realistic three-dimensional multiscale
simulations. The high number of executions of the homogenization routine in such simulations
easily justifies the effort required for the time-consuming training of a reduced order model.
The potential-based Reduced Basis Model Order Reduction (pRBMOR) homogenization tech-
nique is an example of such a reduced order method. One of its key ideas is to introduce
reduced bases for the fields of microscale internal variables. Another important aspect is the
utilization of potential-based microscale constitutive models from the class of Generalized
Standard Materials (GSM). GSM models have a variational structure which is transferred to
the macroscale. In combination with the reduced basis ansatz, the macroscale variational
problem can be solved in an efficient algorithm without costly iterations at the microscale.
By introducing a reduced basis for the field of displacement jumps at the phase boundaries, the
pRBMOR technique has recently been applied to microstructures with imperfect interfaces.
The main ideas of the pRBMOR extended in this manner will be presented.
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08.03.2016 15:30 Matthias A. Müller Foyer Altgebäude
Economic model predictive control: dissipativity and optimal periodic operation
Matthias A. Müller (Universität Stuttgart)
Model predictive control (MPC) is a control technique which consists of repeatedly solving a
finite horizon optimal control problem and then applying the first part of the solution to the
considered system. The main advantages of MPC and the reasons for its widespread success
in many applications are that (i) satisfaction of hard input and state constraints for the closed-
loop system can be guaranteed, (ii) optimization of some performance criterion is directly
incorporated in the controller design, and (iii) it can be applied to nonlinear systems with
possibly multiple inputs. Most MPC results in the literature consider the classical control
objective of setpoint stabilization; to this end, the stage cost function in the optimal control
problem is chosen to be positive definite with respect to this setpoint. On the other hand, the
main focus in economic MPC lies on the optimization of some general performance criterion,
which needs not be related to any specific steady-state to be stabilized. These type of control
problems arise in many different fields of application, including, e.g., the process industry,
building climate control, or the control of wind turbines.
A distinctive feature of economic MPC is the fact that the closed-loop trajectories are not nec-
essarily convergent to a steady-state, but can exhibit more complex, e.g., periodic, behavior.
In particular, the optimal operating behavior for a given system depends on its dynamics, the
considered performance criterion and the constraints which need to be satisfied. In this poster
presentation, we discuss characterizations of different optimal operating behaviors by means
of dissipativity. In particular, we show that under rather mild controllability conditions, both
optimal steady-state operation and optimal periodic operation can equivalently be character-
ized by suitable dissipativity conditions, see [1, 2]. Moreover, we present an economic MPC
scheme without terminal constraints for the case where periodic operation is optimal. Un-
der suitable dissipativity and controllability conditions, we establish closed-loop performance
guarantees as well as convergence to the optimal periodic orbit [3].
References
[1] M. A. Müller, D. Angeli, and F. Allgöwer. On necessity and robustness of dissipativity in
economic model predictive control. IEEE Transactions on Automatic Control, vol. 60, no.
6, pp. 1671-1676, 2015.
[2] M. A. Müller, L. Grüne, and F. Allgöwer. On the role of dissipativity in economic model
predictive control. In Proc. of the 5th IFAC Conference on Nonlinear Model Predictive
Control, Seville, Spain, 2015, pp.110-116.
[3] M. A. Müller and L. Grüne. Economic model predictive control without terminal con-
straints: optimal periodic operation. In Proc. of the 54th IEEE Conference on Decision
and Control (CDC), Osaka, Japan, 2015, pp.4946-4951.
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08.03.2016 15:30 Melanie Todt Foyer Altgebäude
Simulation of the thermo-mechanical behavior of undulated thin films
Melanie Todt (TU Wien)
In thin-film-substrate systems a mismatch between the coefficients of thermal expansion (CTE)
of the film and the substrate leads to thermal stresses upon temperature changes which can
cause undesired bending and/or delamination of the film from the substrate. The present study
investigates how and to which extent the thermo-mechanical behavior of such systems is in-
fluenced by undulations in the film. For this purpose a mathematical model of a thin sample
is developed where the thickness of the film is assumed to be much smaller than the thick-
ness of the substrate. The arising boundary value problem is solved using the finite element
method. In a parametric study the characteristics of the film’s undulations, i.e., the wavelength
and the amplitude, are varied where amplitude-to-wavelength ratios between 0.0001 to 1 are
considered.
The results show that undulation amplitudes in the range of the film thickness enforce bending
of the thermally compressed film and, therefore, lead to a reduction of the thermally induced
global bending. This effect is more pronounced for shorter wavelengths. For amplitudes
significantly smaller than the film thickness the global bending of the sample is dominated
by the membrane effect in the film and a measurable reduction in global bending can only be
observed for small wavelengths. However, the reduction of global bending has the downside
that local tensile normal stresses appear within the interface. The maxima of these stresses
occur at the wave crests and increase with increasing undulation amplitudes and decreasing
wavelengths. In summary, designing undulations in film-substrate systems with respect to the
objectives of low global bending and a low risk of delamination lead to some sort of Pareto
optimization problem.
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08.03.2016 15:30 Philipp Braun Foyer Altgebäude
Distributed control and optimization with focus on microgrids with storage devices
Philipp Braun (Universität Bayreuth), Lars Grüne (Universität Bayreuth), Christopher M.
Kellett (University of Newcastle), Steven R. Weller (University of Newcastle), Karl Worth-
mann (TU Ilmenau)
The energy transition with a rapid uptake of decentralized power generation using residential
solar photovoltaic installations provides many challenges for electricity distribution networks
designed for one-way power flow from the generator to residential customers via transmis-
sion and distribution networks. For grid-connected installations, large amounts of generation
during low load periods or intermittent generation can lead to a difficulty in balancing supply
and demand and may even result in outages. We consider a small electricity network con-
sisting of several residences with individual power generation units and storage devices. We
investigate receding horizon schemes to optimize the charging/discharging strategies for the
distributed storage devices applicable for example in the context of peak-shaving and demand
response. To keep the network flexible to changes and to maintain privacy with respect to data,
we consider hierarchical distributed optimization algorithms, which keep the computational
complexity on the local residential level and, additionally, guarantee centralized performance
properties.
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08.03.2016 15:30 Philipp Petersen Foyer Altgebäude
Directional Anisotropic Multiscale Systems on Bounded Domains
Philipp Petersen (TU Berlin)
Driven by an overwhelming amount of applications numerical approximation of partial dif-
ferential equations was established as one of the core areas in applied mathematics. During
the last decades a trend for the solution of PDEs emerged, that focuses on employing systems
from applied harmonic analysis for the adaptive solution of these equations. Most notably
wavelet systems have been used, which lead for instance to provably optimal solvers for el-
liptic PDEs. Inspired by this success story also other systems with various advantages in
different directions should be employed in various discretization problems. A particular sys-
tem of interest is that of shearlets which admits optimal representations of functions that have
singularities along smooth curves. The main bottleneck in developing shearlet, or ridgelet-
based PDE solvers is the fact that originally these systems are constructed as representation
systems, or frames, for functions defined on Rd , while most PDEs are defined on a finite do-
main Ω⊂ Rd which implies that the development of effective PDE solvers crucially depends
on the construction of anisotropic representation systems on finite domains, satisfying various
boundary conditions. We propose a new construction of a shearlet system for the adaptive
solution of PDEs. Furthermore we will present how to employ this system to solve elliptic
PDEs in optimal complexity.
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08.03.2016 15:30 Sebastian Aland Foyer Altgebäude
Cell mechanics in flow
Sebastian Aland (TU Dresden)
Accurate measurements of cell elasticity help doctors and biologists to detect diseases and
physiological changes of biological cells. An innovative new technique uses a flow scenario
to measure the elasticity of large amounts of cells at a rate of 100 cells per second. The idea is
to flow cells through a narrow channel which leads to deformation by shear stress and pressure
gradients. A comparison of the observed cell shapes with numerical simulation results permits
conclusions on the elasticity of the cell.
On my poster I will present a numerical model to simulate this scenario. In particular, the
model will include
(i) surface tension to account for actomyosin contraction of the cortex,
(ii) surface elasticity accounting for the stretch and bending elasticity of the cortex.
(Iii) viscoelasticity of the cell bulk to account for intracellular components.
I will present first numerical results and comparison to analytic solutions and experiments.
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08.03.2016 15:30 Robert Altmann Foyer Altgebäude
The Rothe Method applied to Operator DAEs
Robert Altmann (TU Berlin)
The application of the Rothe method to time-dependent PDEs, i.e., to discretize in time first,
is popular in the finite element community. For constrained systems, which may be seen as
differential-algebraic equations (DAEs) in an abstract setting, instabilities may occur. This
lack of robustness already appears in the finite-dimensional case in which regularization tech-
niques are well-established. With a similar approach for the PDE case, which eliminates the
stability issues, we are able to apply the Rothe method also for constrained systems.
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08.03.2016 15:30 Thomas Heidlauf Foyer Altgebäude
Multiscale and Multiphysics Modelling of Skeletal Muscle Contractions
Thomas Heidlauf (Universität Stuttgart), Oliver Röhrle (Universität Stuttgart)
Skeletal muscle contractions are initiated by electrical signals called action potentials propa-
gating along individual muscle fibres. The action potential triggers within the sarcomeres (ba-
sic contractile units within the muscle fibres) a complex signaling pathway called excitation-
contraction coupling that eventually leads to contraction and force generation at the micro-
scopic sarcomere level. The contraction of the entire muscle is governed by this chemo-
electro-mechanical behaviour of its microscopic constituents.
A biophysical description of these coupled processes has been implemented within the OpenCMISS
framework (http://opencmiss.org/). This model has previously been used, for example, to in-
vestigate differences in the contractile behaviour and force generation resulting from different
muscle fibre arrangements, and to realistically predict electromyographic (EMG) signals. To
enable further investigations, the computational model is currently improved and extended.
To this end, the biophysical description of the excitation-contraction coupling is redeveloped,
and the continuum-mechanical model is restructured to be based on a thermodynamically
consistent constitutive equation using a multiplicative decomposition of the deformation gra-
dient tensor. Moreover, the phenomenon of force enhancement is represented in the model by
adding a biophysical description of actin-titin interactions. Finally, high-performance com-
puting techniques are implemented to enable more realistic predictions of muscle contractions
and EMG signals.
The presented poster will review the existing multiscale and multiphysics model and discuss
above mentioned modifications.
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08.03.2016 15:30 Andrea Beck Foyer Altgebäude
DNS and LES of turbulent flows with high order Discontinuous Galerkin schemes
Andrea Beck (Universitaet Stuttgart)
On this poster, we will present a high order Discontinuous Galerkin framework for the numer-
ical approximation of the compressible Navier-Stokes equations and novel strategies for sub-
grid scale modeling for Large Eddy simulations. We will give details on the numerical scheme,
its properties and application to large scale simulations of compressible turbulent flows. The
focus will be on demonstrating the necessity of proper de-aliasing of the non-linear equation
and model terms, and on the construction of a temporally and spatially adaptive de-aliasing
mechanism.
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08.03.2016 15:30 Bojana Rosic Foyer Altgebäude
Identification of epistemic and aleatoric uncertainties in mechanical models
Bojana Rosic (TU Braunschweig)
Uncertainties characterising mechanical models in general can be classified as epistemic or
aleatory. The classification is made with respect to the reducibility criteria: epistemic uncer-
tainty reduces by gathering more data or improving the model description, whereas aleatory
uncertainty stays unchanged. The main goal of this poster is to introduce the numerical ap-
proaches in dealing with the estimation of both kinds of uncertainties given measurement data.
For this purpose computational approaches based on Bayesian point of view will be presented.
Special attention will be given to functional approximation of uncertainty and polynomial
chaos updating process linear and nonlinear spectral based Bayesian identification.
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08.03.2016 15:30 Ulrich Römer Foyer Altgebäude
On the Efficient Evaluation of Failure Probabilities for Nanoelectronic Applications
Ulrich Römer (TU Darmstadt), Sebastian Schöps (TU Darmstadt)
Motivated from applications in nanoelectronics, this work is concerned with the numerical
evaluation of failure probabilities. The manufacturing process of, e.g., integrated circuits in-
troduces uncertainties in material and geometrical properties. The aim of uncertainty quan-
tification is to assess the impact of these tolerances on the performance of the device. In
particular, in yield analysis one is often interested in failure modes occurring with small, but
nonzero probability.
Significant efforts have been spent in last years to investigate uncertainty quantification us-
ing random partial differential equations. Thereby, spectral collocation and Galerkin schemes
based on polynomial chaos have proven to be particularly efficient. Using these polynomial
surrogate models, global sensitivities can be easily computed. Also, statistical moments of the
solution can be inferred. Yet, difficulties arise with respect to the computation of failure prob-
abilities [1]. Therefore, hybrid surrogate based models have been proposed and analysed in [1]
and [2]. One difficulty in the construction of these schemes is controlling the approximation
error of the collocation or Galerkin method.
In this work we endow algorithms given in [1] with adjoint error estimators. Adjoint error
estimation is well-established in the deterministic finite element context and has been extended
to stochastic and parametric models in [3]. We consider electrothermal coupled problems used
in nanoelectronic simulations and support the findings by numerical results.
References
[1] J. Li, D. Xiu. Evaluation of failure probability via surrogate models. Journal of Computa-
tional Physics 229.23 (2010): 8966-8980.
[2] J. Li, J. Li, D. Xiu. An efficient surrogate-based method for computing rare failure proba-
bility. Journal of Computational Physics 230.24 (2011): 8683-8697.
[3] T. Butler, C. Dawson, T. Wildey. Propagation of uncertainties using improved surrogate
models. SIAM/ASA Journal on Uncertainty Quantification 1.1 (2013): 164-191.
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Mathematik in Industrie und Gesellschaft
Luncheon Seminar auf der DMV-GAMM Jahrestagung in Braunschweig
Wie auf der DMV Jahrestagung 2015 in Hamburg wird auf der gemeinsamen DMV-GAMM Jahresta-
gung 2016 in Braunschweig ein Mittagsseminar zur Mathematik in Industrie und Gesellschaft statt-
finden. Ziel ist es, die vielfältigen Bezüge der Mathematik zu Gesellschaft, Wirtschaft und Industrie
zur Sprache kommen zu lassen.
Bekanntlich finden Lehre und Forschung im Bereich Mathematik nicht im luftleeren Raum statt. Auf
der einen Seite suchen unsere AbsolventInnen einen Job, und es stellt sich die Frage, inwiefern die
Ausbildung an Schulen, Universitäten und Fachhochschulen für den Erfolg dieser Suche wichtig ist.
Auch für Lehrende ist es interessiert zu wissen, welche Tätigkeiten für ihre Studierenden in Frage
kommen und für welche Herausforderungen MathematikerInnen besonders gut geeignet sind. Auf der
anderen Seite steht die mathematische Forschung, die häufig von Fragestellungen der angewandten
Wissenschaften und von konkreten Problemen der Industrie profitiert. Schlussendlich hat Mathematik
eine gesellschaftliche Dimension und dies nicht nur beim Verteilungskampf um Aufmerksamkeit und
Ressourcen.
Diese und weitere Fragen wollen wir in Braunschweig mit drei hochkarätigen Referenten diskutieren. In
Impulsreferaten werden wir zunächst hören, welche Karrieren die digitale Welt für Mathematikerinnen
und Mathematiker bereithält, welche Bedeutung die Mathematik für technologische Innovationen hat
und welche Herausforderungen der IT-Beratungen auf MathematikerInnen warten. Danach soll dann
in einer moderierten Podiumsdiskussion auch das Publikum zu Wort kommen können.
Auf alle BesucherInnen des Luncheon Seminar wartet vorab ein Buffet.
Frank Mang
Geschäftsführer Technology
Accenture GmbH
Dr. Hans Georg Zimmermann
Senior Principal Research Scientist
Siemens AG
Klaus Strack
Executive Vice President Germany
itelligence AG
Kurz und knapp:
Mittagsseminar auf der DMV-GAMM Jahrestagung
Dienstag, den 8.3.2016 im auditorium maximum der TU Braunschweig (Pockelsstr. 15)
12:00 Uhr: Eröffnung des Buffets
12.45 – 13.10 Uhr: Karrieren in der Digitalen Welt für Mathematiker (Frank Mang)
13.15 – 13.40 Uhr: Mathematik im Zentralbereich Forschung von Siemens (Dr. Hans Georg Zimmermann)
13.45 – 14.10 Uhr: M+B=E (Klaus Strack)
14.15 – 15:00 Uhr: Moderierte Podiumsdiskussion
Ansprechpartner: Moritz Kaßmann, Universität Bielefeld
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10.03.2016 17:00 Michael Cuntz Pockelsstrasse 3, Raum PK3.1
Dreiecke in Arrangements von Geraden
Michael Cuntz (Leibniz Universität Hannover)
Wir wollen im Vortrag Arrangements von Geraden untersuchen, die die Ebene in Dreiecke
zerlegen. Diese wurden 1940 von Melchior entdeckt und in der Lösung vieler Probleme über
Arrangements verwendet. Sie waren die zentralen Objekte in Delignes Lösung der Vermutung
von Brieskorn. Andererseits sind sie aber auch Symmetriestrukturen gewisser Hopf-Algebren.
Weyl Gruppen von Lie-Algebren sind ein spezielles Beispiel hierfür.
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10.03.2016 17:40 Bernd Markert Pockelsstrasse 3, Raum PK3.1
Continuum Biomechanics and Mechanobiology
Bernd Markert (RWTH Aachen University)
Continuum Mechanics is commonly associated with a macroscopic view onmaterials and
structures with the objective to theoretically andnumerically model their behavior and pre-
dict their response undermechanical loading. It is beyond question that, for many decades
now,thanks to modern computational techniques, continuum theories havebeen successfully
exploited for numerous applications in science andtechnology. However, the underlying mod-
els, independent of theirdegree of sophistication, are commonly based on standard continu-
umapproaches, which, by their very nature, are restricted to thedescription of so-called simple
materials as local grade-one andsingle-phase continua, including only dissipative ODE evolu-
tions ofsome local internal variables. Although this general modus operandi isstill of great
importance, it increasingly appears that materialproperties stemming from microstructural
phenomena have to beconsidered. This is particularly true for hierarchical biocompositesand
biomimetic nanomaterials, i. e., materials with distinctmicrotopologies associated with char-
acteristic length scales thataffect the macroscopic response; something for which standard-
continuum theories fail to account. It is obvious that the situationis particularly delicate for
biological materials as they commonlyconsist of multiple constituents, components or phases,
which givesrise to internal flow, diffusion and phase-transformation processesdriven by addi-
tional state quantities and dependent uponmicrostructural properties. Following this idea, it is
evident thatstandard Continuum Mechanics has to be augmented to capturelower-scale struc-
tural and compositional phenomena, and to make thisinformation accessible to macroscopic
numerical simulations, seee. g. [1–5].In this context, the present contribution aims at giv-
ing anelucidating insight into the possibilities offered by advancedcontinuum approaches as
well as the macroscopic description of coupledmulti-field and multi-physics or general multi-
x problems in theaspiring field of Bioscience. Thereby, special attention will be drawnto
the modeling and simulation of interfacial problems by use ofnon-local diffusion TITLE ap-
proaches (phase-field models), themulti-field description of growing and remodeling biolog-
ical tissue aswell as some computational multi-physics aspects in the multi-scalemodeling of
spider silk [6–9].References
1. Markert, B. (ed.): Advances in Extended and Multifield Theories for Continua, Lecture
Notes in Applied and Computational Mechanics, vol. 59. Springer, Berlin 2011.
2. Markert, B.: A survey of selected coupled multifield problems in computational me-
chanics. Journal of Coupled Systems and Multiscale Dynamics 1 (2013), 22– 48 (review
article).
3. Ehlers, W., Karajan, N., and Markert, B.: An extended biphasic model for charged
hydrated tissues with application to the intervertebral disc. Biomechanics and Modeling
in Mechanobiology 8 (2009), 233–251.
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10.03.2016 18:20 Alexandra Schwartz Pockelsstrasse 3, Raum PK3.1
Spieltheorie und Wettbewerbsdesign
Alexandra Schwartz (TU Darmstadt)
Ausgehend von allgemeinen Nash-Gleichgewichtsproblemen werden wir ein spezielles Lot-
teriemodell betrachten und herleiten, wie man diesen Wettbewerb als Veranstalter idealer-
weise gestalten sollte. Abstrakt gesehen ist die Frage nach dem optimalen Wettbewerbs-
design ein mathematisches Programm mit Gleichgewichtsrestriktionen, kurz MPEC. Daher
werden wir im Anschluss den Unterschied zwischen MPECs und klassischen nichtlinearen
Optimierungsproblemen beleuchten.
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08.03.2016 13:30 Katharina Habermann Pockelsstrasse 3, Raum PK3.1
Towards a Specialised Information Service for Mathematics - What is the added value
for the mathematical community?
Katharina Habermann (Nds. Staats- und Universitätsbibliothek Göttingen)
As part of its Scientific Library Services and Information Systems Programme, the DFG funds
projects for the establishment of Specialised Information Services for researchers that will re-
place the funding of special subject collections at academic libraries in Germany. These Spe-
cialised Information Services will offer information focussed on specific disciplines. More-
over, the system aims to supplement local information infrastructures at universities and re-
search institutions by providing services for special demand. This talk will focus on various
aspects how this new service for Mathematics will be designed to meet the interests of the
research community in mathematics.
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08.03.2016 13:50 Mila Runnwerth Pockelsstrasse 3, Raum PK3.1
Specialised information infrastructure services for applied mathematicians and
mathematics-related researchers
Mila Runnwerth (German National Library of Science and Technoloy)
Digital information in general and non-textual materials in particular have become a natu-
ral part of the research process. Hence, the German National Library of Science and Tech-
nology (TIB) proposes an efficient and trustworthy framework to archive, cite, interconnect
and access research data. To meet the needs of researchers it is developed in cooperation
with multidisciplinary experts, but also in constant coordination with specific research com-
munities: software, LaTeX, formulae are emphasised in mathematics. We present services
already available to researchers and give insight in projects to become services in the near fu-
ture which accompany the mathematics-related research process: an audio visual portal with
content-based search and visual search tools, media fragment identifier (MFID), digital object
identifyer (DOI) registry, a repository solution and the CoScience handbook, a good practice
guide.
213

08.03.2016 14:10 Andreas Kühnemund Pockelsstrasse 3, Raum PK3.1
The role of applications within the reviewing service zbMATH
Andreas Kühnemund (FIZ Karlsruhe)
Zentralblatt MATH (zbMATH) is the world’s most comprehensive and longest-running ab-
stracting and reviewing service in pure and applied mathematics. The database contains more
than 3.5 million bibliographic entries, starting from the 18th century. The presentation gives
a short introduction to the search engine with emphasis on selected fields of applied mathe-
matics. In particular, it shows how zbMATH can improve your research, demonstrates the use
of the mathematical subject classification (MSC) to filter your search results, and addresses
some future challenges.
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08.03.2016 14:30 Ingo Dahn Pockelsstrasse 3, Raum PK3.1
NetMath – Mathematische Dienste für die Lehre
Ingo Dahn (Virtueller Campus Rheinland-Pfalz)
MINT-Fächer stellen an die Unterstützung der Lehre durch digitale Medien besondere An-
forderungen. Dies ist sicher ein wesentlicher Grund dafür, dass die digitale Unterstützung
mathematischer Lehre bisher von statischen pdf-Dokumenten dominiert wird, die letztlich für
den Ausdruck bestimmt und entsprechend fest formatiert sind. Dabei können aktuelle Medi-
enformate einen didaktischen Mehrwert bieten, der von statischen Lehrmaterialien nicht erre-
icht werden kann: Interaktive Animationen machen Zusammenhänge zwischen Variablen er-
fahrbar, Videos veranschaulichen Prozesse - auch mathematische Denk- und Beweisprozesse -
und automatisch korrigierte Mathematik-Aufgaben weisen auf Verständnislücken hin. Durch
die Bereitstellung für Mobilgeräte stehen interaktive Lehrmaterialien den Studierenden dann
zur Verfügung, wenn sie gebraucht werden. Neue didaktische Szenarien, wie z.B. videoges-
teuerte Mathematik-Tests, werden durch die Kombination dieser Potenziale möglich.Durch
verbesserte Werkzeuge ist die Erstellung digitaler Lehrmaterialien in den letzten Jahren wesentlich
vereinfacht worden. Gleichzeitig entstanden und entstehen aber auch neue Web-Technologien,
deren Beherrschung neue Anforderungen an die Autoren bzw. an den technischen Suppotz für
die Autoren stellt.Diese Entwicklung hat dazu geführt, dass insbesondere für den Bereich
von Schule und MINT-Studieneingangsphase eine kaum überschaubare Menge an digitalen
Mathematik-Lehrmaterialien entstanden ist, von der sehr viele als Open educational resources
(OER) frei zugänglich sind. Damit stehen Lehrende der Mathematik vor den Problemen,
diese Materialien zu finden, ihre fachliche Qualität und ihre Eignung für den eigenen didak-
tischen Kontext zu prüfen, sie ggf. anzupassen und mit eigenen und fremden Materialien
zu kombinieren und für ihre Studierenden in geeigneter Form bereitzustellen. Dies erfordert
neben Zeit und der bei den Lehrenden vorhandenen mathematischen und didaktischen Kom-
petenz auch ein Maß an technischer Kompetenz das nur bei wenigen Lehrenden und bei weni-
gen eLearning-Support-Einheiten vorhanden ist.Die Rheinland-Pfälzische Initiative NetMath
(http://netmath.de) hat deshalb das Ziel, als landesweite Initiative unter Koordinierung durch
den Virtuellen Campus Rheinland-Pfalz den Hochschullehrern des Landes und darüber hinaus
Dienste und Inhalte zur Verfügung zu stellen, die sie für die Gestaltung der eigenen Lehre an-
passen und nutzen können. Der Schwerpunkt liegt dabei auf den Bereichen der Mathematik,
die an vielen Stellen in ähnlicher Form gelehrt werden, insbesondere bei den Mathematik-
Vorkursen und in der Studieneingangsphase der MINT-Fächer. Um eine einfache Nutzung
und Anpassung zu unterstützen werden dabei frei zugängliche Ressourcen (OER) bevorzugt,
die zentral bereitgestellt und im Rahmen der finanziellen und technischen Möglichkeiten
angepasst werden.Aus der NetMath-Zielstellung ergibt sich die Aufgabe, empfohlene mathe-
matische Inhalte und Dienste auffindbar und nutzbar zu machen und den Hochschullehrern
unterstützende Dienste für deren Einsatz anzubieten. Dabei bleibt die Verantwortung für
die Qualität der letztlich eingesetzten Materialien bei den einzelnen Hochschullehrern. Sie
entscheiden, was sie nutzen, empfehlen Ressourcen und stellen Beispiele für den Einsatz
zur Verfügung. Für eine vielfältige Nutzung ist entscheidend, dass die Ressourcen möglichst
klein und flexibel kombinierbar sind. Dies wird durch eine weitgehende Trennung von Inhalt,
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08.03.2016 14:50 Gerrit Grenzebach Pockelsstrasse 3, Raum PK3.1
The Archive for Mathematical Bequests at the SUB Göttingen
Gerrit Grenzebach (Georg-August-Universität Göttingen)
Since 1992, a Central Archive for Mathematics Bequests is existing at the Göttingen State and
University Library, based on an agreement with the German Mathematical Society. Basis for
this bequests archive are old inventories, in particular the first archive founded by Felix Klein
about 100 years ago.
All the bequests are started to be digitised and to be publicly presented in the internet in the
context of the Mathematics Information Service. In this talk, this digital bequests archive will
be presented and some digitised documents will be shown as examples.
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09.03.2016 14:30 Olaf Teschke Pockelsstrasse 3, Raum PK3.1
Mathematical knowledge beyond publications: some heuristics about the ecosystem of
mathematics research data
Olaf Teschke (FIZ Karlsruhe)
Like in other sciences, research data play a growing role in mathematics, but in contrast to
classical objects like measurements in physics they are much more heterogeneous. They may
take the shape of abstract objects like the collection of integer sequences in OEIS, algorithms
and their implementations as mathematical software, libraries of test problems or statistical
data. From an infrastructure viewpoint, which aims at sustainable and connected data reposi-
tories which facilitate researchers to use existing information efficiently, it is essential to define
an appropriate framework that allows not just storage but also connection and retrieval of the
various types of data. Recently, there have been promising attempts to define standards for
mathematical software (which is addressed in other talks of this session), but the general task
remains a big challenge, which is also addressed within the recently initiated GDML working
group of the IMU. This is especially important in the fields of applied mathematics where
research is often connected to research data origining from applications.
The goal of this talk is a first attempt to analyze the diverse ecosystem of research data based
on reference data from zbMATH. This approach has worked quite well for mathematical soft-
ware, resulting in the formation of the swMATH database. Though reference data involve
always a bias, the collected information of about 16 million reference data in zbMATH may
be useful to identify the recent needs of researchers in different fields pertaining mathematical
research data, and we discuss several aspects of such an analysis.
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09.03.2016 14:50 Yue Ren Pockelsstrasse 3, Raum PK3.1
The swMATH service for mathematical software, mathematical services and data
Yue Ren (TU Kaiserslautern)
Software plays an increasingly important role in mathematical applications, research and ed-
ucation.
However, mathematical software (MSW) is very heterogeneous and fast changing: new fea-
tures, that allow for experiments which were previously unimaginable; new interfaces, that
make it accessible to more and more users; new databases, that classify the previously un-
kown.
For this reason, the swMATH activity attempts to develop a useful information service on
mathematical software and research data. The goal is to increase the visibility of MSW and to
establish a proper citation standard for MSW, ensuring not only proper credit to the authors,
but also easier reproducibility of the results.
This talk will discuss challenges, the publication-based concept and the current design of the
swMATH service.
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09.03.2016 15:10 Hagen Chrapary Pockelsstrasse 3, Raum PK3.1
swMATH - next steps
Hagen Chrapary (FIZ)
The swMATH service is under permanent development and maintenance. This covers not only
the quantity of the entries but also the data model and the data analysis. The status of swMATH
in numbers (December 2015): In the last year more than 3,000 new packages (totally: 11,500)
were added and the number of publications which reference mathematical software has in-
creased by more than 30,000 (totally 105,000). A new ranking of these publications has been
introduced: sorted by citations. swMATH contains not only mathematical software, but also
services (as OEIS) or research data collections, languages and benchmarks. We demonstrate
some examples and illustrate a first typing scheme for the swMATH entries. In addition, we
present the development of the data model and data structures.
Mathematical software is an important link for the use of mathematical methods in science,
industry, and administration. swMATH supports users to find software to solve their problems,
e.g., by linking real problems and mathematical models with mathematical software.
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09.03.2016 16:00 Wolfgang Dalitz Pockelsstrasse 3, Raum PK3.1
Practical Steps for the Evaluation of Mathematical Software: the MPC journal
Wolfgang Dalitz (ZIB)
Peer-reviewing is an established method of quality control for mathematical publications. But
quality control of mathematical software is more complicated. Often, mathematical software
is developed under special hard- and software requirements, for the reproducibility of calcu-
lations the availability of data is required, the software must be installed, compiled and run
without errors, a user interface must exist etc.In the last years, some specialized journals with
the focus on mathematical software were founded which required a specification of the evalu-
ation process. The journal ”Mathematical Programming Computation (MPC)” is such a one,
publishing research articles covering computational issues in mathematical programming. The
reviewing process includes also the evaluation and testing of the accompanying software. The
talk will give an overview about the workflow and the evaluation process within MPC.
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09.03.2016 16:20 Helge Holzmann Pockelsstrasse 3, Raum PK3.1
A Vision on Software Citations
Mila Runnwerth (German National Library of Science and Technoloy), Helge Holzmann
(L3S)
Software has often been neglected as part of scientific publications and as a scientific contribu-
tion itself. We present our vision on software citations focussed on the mathematical research
process. In this regard, we are going to propose a fresh view on this topic: While traditionally
scientific work has been organized in digital libraries and been described by means of very
basic meta data schemas, this is not necessarily the right way to go for software publications
as well. We will show how modern tools and methods can be incorporated into the scientific
publication process and help to establish an innovative, but at the same time trustworthy and
comprehensive citation standard for software in mathematics and maybe other disciplines as
well.
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09.03.2016 16:40 Thomas Koprucki Pockelsstrasse 3, Raum PK3.1
Mathematical research data: how the WIAS handles mathematical research data
Thomas Koprucki (Weierstrass Institute for Applied Analysis and Stochastics), Karsten Tabe-
low (Weierstrass Institute for Applied Analysis and Stochastics), Ilka Kleinod (Weierstrass
Institute for Applied Analysis and Stochastics)
The generation and processing of research data for modeling and simulation is an important
part of the scientific work at WIAS. Together with scientific software it plays an essential role
for the transfer of mathematical research results to industry or to other scientific disciplines. In
the face of the emerging digital science agenda research data is now more and more recognized
as an essential foundation for scientific work. The importance of research data is also empha-
sized by the recent adoption of the "DFG Guidelines on the Handling of Research Data" by
the Deutsche Forschungsgemeinschaft and the Open Data Pilot within the EU Horizon 2020
programme.
In this contribution we present our definition of mathematical research data together with
guidelines developed at WIAS for the full data life-cycle including generation, storage, prepa-
ration for subsequent reuse, publication and curation of data.
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10.03.2016 08:30 Peter Betsch Altgebäude (Schleinitzstrasse), Raum SN19.7
A structure-preserving numerical method for the dynamic optimization of mechanical
systems
Peter Betsch (Karlsruhe Institute of Technology), Christian Becker (Karlsruhe Institute of
Technology)
Structure-preserving numerical methods often exhibit excellent numerical stability, robustness
and qualitative behavior. Because of these qualities, a lot of effort has been put into the de-
sign of structure-preserving methods over the last decades. In nonlinear structural dynamics
energy-momentum (EM) methods and energy dissipating variants thereof have been of pri-
mary concern. EM integrators are capable of conserving the total energy if the underlying
mechanical system is conservative. If the mechanical system has symmetry, EM integrators
conserve the corresponding momentum map.
Although there exist many alternative numerical methods for the solution of optimal control
problems, little attention has been paid to structure-preservation on the level of the optimal
control problem. It is well-known that the Hamiltonian of autonomous optimal control prob-
lems is conserved along an optimal path. In addition to that, the optimal control problem
inherits symmetries from the underlying mechanical system. These symmetries lead to asso-
ciated generalized momentum maps which are preserved on the level of the optimal control
problem.
In the talk we will present a new structure-preserving approach to the optimal control of me-
chanical systems. The newly proposed method does respect the symmetries on the level of
both the mechanical system and the optimal control problem. In addition to that, the proposed
method is capable of conserving the Hamiltonian of the optimal control problem.
233

10.03.2016 08:50 Daniel Glaas Altgebäude (Schleinitzstrasse), Raum SN19.7
Optimal feedback control for constrained mechanical systems
Daniel Glaas (University of Erlangen-Nuremberg), Sigrid Leyendecker (University of
Erlangen-Nuremberg)
Today, a lot of mechanical systems have to operate with an improved performance compared to
equal constructions decades ago. To stay competitive, engineers need to optimise all aspects
of a mechanical system including its feedback control. A classical approach to eliminate
perturbations of a desired trajectory is a PID-controller, whereby a stable deviation control
can be reached but the control costs are not taken into consideration.
An approach to minimize the control costs and ensuring a stable deviation control is the Ric-
cati controller and we want to use it to control constrained dynamical systems (differential
algebraic equations of Index 3). To describe their discrete dynamics a constrained variational
integrators [2] is used, which is a variant of a structure-preserving integration scheme. Using
a discrete version of the Lagrange-d’Alembert principle yields a forced constrained discrete
Euler-Lagrange equation in a position-momentum form that only depends on the current and
future time steps [1]. This principle is applied using three different coordinate choices, mini-
mal coordinates qk ∈ R f , pk ∈ R f with f being the number of degrees of freedom in the sys-
tem, redundant coordinates qk ∈ Rn, pk ∈ Rn and nullspace coordinates qk ∈ Rn, pk ∈ R f .
The desired optimal trajectory (qopt , popt) and according control input uopt is determined solv-
ing the discrete mechanics and optimal control (DMOC) algorithm [3] based on the variational
integrator. Then, during time stepping of the perturbed system, the discrete Riccati equation
yield the optimal deviation control input uR. Adding uopt and uR causes a structure preserving
trajectory as both DMOC and Ricatti equations are based on the same variational integrator.
Simulation examples show that the minimal coordinates formulation requires least deviation
control effort with the best accuracy whereas the redundant coordinates formulation has the
highest deviation control effort and the nullspace parametrisation is situated in between.
References
[1] E. Johnson, J.A. Schultz, and T. D. Murphey. Structured linearization of discrete mechan-
ical systems for analysis and optimal control. IEEE Transactions on Automation Science
and Engineering (2015), vol. 12, issue 1, 140–152.
[2] S. Leyendecker, J.E. Marsden, and M. Ortiz. Variational integrators for constrained dy-
namical systems. Journal of Applied Mathematics and Mechanics (ZAMM) (2008), Vol.
88, 677–708.
[3] S. Ober-Blöbaum, O. Junge, and J. E. Marsden. Discrete mechanics and optimal control:
an analysis. ESAIM: Control, Optimisation and Calculus of Variations (2011), vol. 17,
issue 2, 322–352
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10.03.2016 09:10 Alexander Held Altgebäude (Schleinitzstrasse), Raum SN19.7
Sensitivity Analysis of Flexible Multibody Systems with Kinematic Loops using the Ad-
joint Variable Method
Alexander Held (Hamburg University of Technology)
An important step in the analysis and optimization of rigid and flexible multibody systems is
the sensitivity analysis. Next to simple and easy to implement finite difference methods, semi-
analytical approaches, such as the direct method or the adjoint variable method, have been
developed and are now well established for the gradient computation of functional objective
functions in multibody dynamics see [1]. If the number of design variables is comparatively
high, as for instance in structural topology optimization problems, the adjoint variable method
is often the more efficient approach, see [2] for a recent discussion.
In contrast to finite difference methods, semi-analytical approaches allow the computation of
exact gradients. However, before the actual gradient computation a set of differential equa-
tions or differential-algebraic equations have to be derived and solved first, see [1]. Thereby
the type of equation depends on the topology of the multibody system, i.e. whether the system
possesses tree structure or kinematic loops, and the level at which the constraint equations are
considered.
In the current work the adjoint variable method is employed for the sensitivity computation in
structural topology optimization of a flexible multibody system with kinematic loops. Coordi-
nate partitioning is performed to obtain a set of differential equations of motion to describe the
system, see [3]. Therefore the redundant coordinates are split into dependent and independent
coordinates. Then expressing the dependent position variations and accelerations by the inde-
pendent ones, the system can be written in terms of the independent or minimal coordinates
only. However, the dependent position and velocity variables remain as auxiliary variables in
the system. They have to be determined from the constraint equations at position and velocity
level solving in general a set of nonlinear equations.
The dependency of the equations of motion of the dependent position and velocity variables
have to be considered in the derivation of the adjoint equations. However, it can be shown that
these dependent variations can be expressed in terms of the variations of the independent po-
sition and velocity coordinates and the variations of the design variables. In this way both the
equations of motions as well as the adjoint dynamics can be described by ordinary differential
equations.
References
[1] D. Bestle. Analyse und Optimierung von Mehrkörpersystemen (in German), Berlin:
Springer, 1994.
[2] K. Nachbagauer, S. Oberpeilsteiner, K. Sherif, W. Steiner. The use of the adjoint method
for solving typical optimization problems in multibody dynamics. Journal of Computa-
tional and Nonlinear Dynamics 10(6), 2015.
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10.03.2016 13:30 Peter Eberhard Altgebäude (Schleinitzstrasse), Raum SN19.7
Stress recovery of gears in highly dynamical contact situations using reduced elastic
multibody systems
Peter Eberhard (Univ. Stuttgart - ITM), Dennis Schurr ()
One important design criterion in the layout process of gearings are stresses in gears under
different operating conditions. The computation of stresses must occur in a reliable manner.
This leads to the consideration of longer integration times in order to overcome transient ef-
fects and to get all possible contact situations within one simulation. For example, a tooth is
in contact only for a few degrees of rotation angle, and if rainflow-counting of stress values is
applied, large rotation angles must be taken into account.
Gears modeled as a reduced elastic multibody system with nodal contact enable a faster com-
putation at about the same quality as equivalent FE-models. Contact forces and the kinematics
are in good accordance, but stress values recovered using the elastic deformation patterns must
be carefully checked for accordance. According to the geometrical position of evaluation,
stress values can fit very well or very bad compared to the FE benchmark. The quality of the
recovered stress values strongly depend on the selected reduction matrix. This matrix reduces
the FE-model of a gear from millions degrees of freedom to a couple of hundred. This is a
sensitive step because not only stresses heavily depend on the reduced system, but also further
parameters such as contact forces, kinematics and computational effort.
In this work, local and global stress distributions in highly dynamical situations such as gear
hammering are investigated using different reduction methods. Although some (reduced) sub-
spaces allow fast computation as well as a global stress calculation, they cannot calculate local
stresses in a reliable manner. Other subspaces allow both, the detection of global and local
stresses. However, the recovery of good local stress values is computationally expensive in
both, the reduction process and in the high dynamics which needs to be time integrated. Well
suited subspaces can overcome some of the problems and benefit the simulation process. The
results are compared against an equivalent FE-model.
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Fixed-Step Simulation of an Automotive Dual Mass Flywheel
Robert Kalcher (AMSD Advanced Mechatronic System Development KG), Katrin Ellermann
(Graz University of Technology), Gerald Kelz (AMSD Advanced Mechatronic System Devel-
opment KG)
Dual mass flywheels (DMFs) are used within vehicle drivetrains in order to damp torsional
vibrations and, consequently, reduce their negative effects on noise and driving comfort. In
general, a DMF layout consists of two masses: the crankshaft-attached primary mass and the
secondary mass, which is mounted rigidly on the transmission. Furthermore, the primary and
secondary mass are coupled elastically via an arc spring design. The behavior of the DMF
is characterized by normal and tangential contacts of the arc spring coils with itself, the pri-
mary and the secondary masses, respectively. This poses problems in terms of determining
the transmitted torque of the DMF via model-based approaches. However, an accurate calcu-
lation of the transmitted torque entails promising potential in the field of vehicle development,
especially for real-time applications, see [1].
Different strategies were applied to model and simulate an automotive DMF, e.g. [2]. In the
case of a physical DMF model, the integration of the system with its time-variant structure is
often either comparatively imprecise or time-consuming. In particular, a regularization of the
set-valued contact force laws is not an appropriate possibility, as this leads to stiff differential
equations and inexact solutions.
To overcome these deficiencies, we propose a DMF simulation with aid of a time-stepping
scheme and a subsequent formulation as linear complementarity problem (LCP). With help of
the LCP solution, it is possible to deal with the combinatorial problem resulting from interde-
pendencies of the certain contact states in an elegant way. Based on the general description of
multi-body systems with unilateral contacts, see [3], a fixed-step discretization for an automo-
tive DMF was derived; moreover, a zero crossing detection, applicable to real-time systems,
was implemented. This work summarizes the most important findings including a detailed
validation of the described simulation technique; for this reason, numerical solutions of the
LCP models were compared with standard event-based DMF simulations.
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Abstract
The approach of rigid multibody systems (MBS) is an efficient method for the dynamical anal-
ysis of the global motion of mechanical systems. For engineering applications in which elastic
deformations of the bodies cannot be neglected, e.g. using lightweight structures, an elastic
formulation of the bodies is necessary. For the efficient investigation of this deformations, the
classic approach of MBS can be enhanced by elastically deformable bodies, which leads to the
approach of flexible multibody systems (FMBS). Collisions often result in impacts between
several bodies, which yields high frequency vibrations in the involved bodies. Using full finite
element (FE) models very precise results considering all elastic effects can be achieved. But
due to the high computation times, the simulation of the global nonlinear machine behavior
is usually not practical and acceptable in reasonable time. The efficient investigation of the
contact behavior is possible using reduced FMBS in combination with a nodal contact model
and the penalty method.
If the contact forces, stresses and their influence on the global elastic deformations are in-
vestigated, an exact reproduction of the local deformations in the contact area is necessary.
For that purpose the approach of only using eigenmodes requires a large number of high fre-
quency eigenmodes. Therefore, it seems obvious to use static shape functions to capture the
local deformation effects in the contact area. Due to the high eigenfrequencies introduced by
the static shape functions, numerical difficulties may appear. Applying numerical or mate-
rial damping can fix these difficulties but has a negative effect on the simulation of the wave
propagation. Approaches like the static mode switching [1] require additional switching effort
and the co-simulation of a full FE model of the contact region with FMBS [2] has a complex
computational overhead.
In order to capture the global and local deformations accurately, in this work another approach
is discussed. The high frequency static shape functions do not affect the wave propagation in
the bodies. They are only required for the mapping of the local deformations in the contact
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Least squares approximations in the time integration of overdetermined differential-
algebraic equations
Martin Arnold (Martin Luther University Halle-Wittenberg)
The numerically stable time integration of differential-algebraic equations (DAEs) relies on
index reduction techniques that make use of time derivatives of the constraint equations. If
these so-called hidden constraints and the original constraints are considered simultaneously
then the DAE gets overdetermined and results after time discretization in overdetermined sys-
tems of nonlinear equations that have to be solved in each time step.
Well known solution techniques go back to the work of Gear, Gupta and Leimkuhler who
introduced a correction term to the differential part and reduced in that way the given overde-
termined DAE to a classical one in a higher dimensional configuration space.
Alternatively, the differential part of the overdetermined DAE could be solved in a least
squares sense avoiding the correction term of the Gear-Gupta-Leimkuhler formulation. We
will illustrate that such least squares approximations may deteriorate the high order of im-
plicit Runge-Kutta methods resulting in substantial order reduction. The local error analysis
gives some insight into this order reduction phenomenon.
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Choosing the Penalty Parameter for Contact Between Reduced Elastic Bodies
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Eberhard (University of Stuttgart)
Even though the global dynamic behavior is typically very well approximated with only the
first few eigenmodes, local phenomena like the deformation in the contact area are often only
captured very inadequately by only a small number of eigenmodes. This shows, for example,
that when using a penalty contact formulation with reduced elastic bodies, it is not possi-
ble anymore to increase the penalty parameter until the contact properties of interest have
converged, because generally they do not converge with increasing values. Instead, an appro-
priate value for the penalty parameter has to be chosen. In most cases this means that a much
lower value for the penalty parameter for the reduced system as compared to the full system
is necessary. Then, the penalty parameter represents a local contact stiffness accounting for
those local stiffness properties that are neglected during reduction.
One possibility to obtain a better local approximation is to add mechanically motivated static
deformation patterns as shape functions to the reduction basis which is known as Craig-
Bampton or Rubin-MacNeal approach, or to use more evolved reduction methods like Krylov-
based schemes or balanced truncation. However, the artificial eigenfrequencies introduced by
the local shape functions are almost always so high, that from an engineering point of view,
their dynamics can be neglected, and instead, only the instantaneous influence of the local
shape functions to the deformation in the contact area has to be considered, which results in
an additional feed-through term.
When this approach is used to simulate contact between two reduced elastic bodies, it can
be shown that the relation between the contact force and the dynamical states of the reduced
system depends on the penalty parameter and the feed-through term, hence the contact force
depends on the neglected high dynamics. This relationship can be interpreted as having a total
contact stiffness consisting of the penalty parameter and the local stiffness described by the
feed-trough term. This agrees with the observation, that for reduced systems softer penalty
parameters have to be chosen. However, with use of a systematically determined feed-through
term the value of this corrected penalty parameter can also be determined systematically. The
dependence of the penalty parameter on the feed-through term and the advantages of the ap-
proach will be demonstrated for a simple numerical example: an elastic beam impacting a
rigid plate.
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A new approach to the incorporation of servo constraints in multibody dynamics
Yinping Yang (KIT), Peter Betsch (KIT), Robert Altmann (TU Berlin)
A new index reduction approach is developed to solve the servo constraint problems [2] in the
inverse dynamics simulation of underactuated mechanical systems. The servo constraint prob-
lem of underactuated systems is governed by differential algebraic equations (DAEs) with high
index. The underlying equations of motion contain both holonomic constraints and servo con-
straints in which desired outputs (specified in time) are described in terms of state variables.
The realization of servo constraints with the use of control forces can range from orthogonal
to tangential [3]. Since the (differentiation) index of the DAEs is often higher than three for
underactuated systems, in which the number of degrees of freedom is greater than the control
outputs/inputs, we propose a new index reduction method [1] which makes possible the stable
numerical integration of the DAEs. We apply the proposed method to differentially flat sys-
tems, such as cranes [1, 4, 5], as well as non-flat underactuated systems. In non-flat systems
the stability of the internal dynamics [6, 7, 8] is of paramount importance and a prerequisite
for the controllability of the system.
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Mechanical Energy Storage with Industrial Robots
Makoto Iwamura (Fukuoka University), Shunichi Imafuku (Fukuoka University), Takahiro
Kawamoto (Fukuoka University), Werner Schiehlen (University of Stuttgart)
In the manufacturing industry, a lot of machines and robots are consuming a great amount of
energy accelerating and braking continuously. Therefore, saving the energy of such mechani-
cal systems as much as possible is a very important task. In previous studies [1, 2, 3] methods
for reducing energy consumption of controlled multibody systems by utilizing storage ele-
ments such as springs were examined.
This paper discusses the actual design and control problems to realize the concept of proposed
energy saving manipulators, and describes some experiments to validate its practical useful-
ness. Since the proposed method utilizes the free vibration of the system, all joints must be
able to rotate freely. Therefore, we can not install geared motors at the joints, instead, we
introduce controlled reaction wheels at an arbitrary point on the link and add driving torques
from them. Since for rotational springs it is more difficult to adjust stiffness and mounting po-
sitions, we impose in our experimental setup rotational stiffness between neighbouring links
by using two linear springs and special spring holders.
The equations of motion of the links and the reaction wheels are derived using the vector of
joint variables, the vector of rotation angles of reaction wheels, the inertia matrices, the vector
of centrifugal and Coriolis forces, the vector of geared driving torques of reaction wheels, the
stiffness matrix, and the vector of spring mounting positions.
To compensate model uncertainties and disturbances, a feedback controller is introduced de-
pending on the desired optimal trajectory and feedback matrices that guarantee asymptotic
stability. An energy-saving manipulator prototype shows the experimental results of trajec-
tory tracking control. It turns out that the tracking error is small and that the required torque to
achieve the desired task becomes about 10 times smaller than for conventional manipulators.
This proves that energy consumption can be reduced significantly.
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Spatial Impedance Control of Two Cooperative Industrial Manipulators
Dominik Kaserer (Johannes Kepler University Linz), Hubert Gattringer (Johannes Kepler
University Linz), Andreas Müller (Johannes Kepler University Linz)
Nowadays robotic manipulators are considered to perform a wide range of tasks. Since robotic
systems consisting of multiple manipulators are capable of handling a variety of tasks that
cannot be executed by single manipulators, cooperation of multiple manipulators is becoming
increasingly interesting in particular for industrial applications ([1]). The interaction with
other manipulators, respectively the environment, requires an extension of the conventional
position control in order to achieve a desired compliance, and thus to limit the interaction
wrench so to avoid damaging the involved objects.
In this contribution the cooperation of two industrial manipulators, a Stäubli RX130L (6-DOF)
and a Stäubli TX90L mounted on a linear axis (constituting a redundant 7-DOF manipulator),
is addressed applying an impedance control scheme similar to [2] and [3]. The manipulation
task is to grasp an object with both manipulators and to follow a prescribed trajectory by si-
multaneously limiting the contact forces between the manipulators and the object and ensuring
a compliant behavior towards the environment.
The end-effector forces and moments of each manipulator exerted on the object are divided
into two parts that are responsible for the motion generation and for producing the contact
forces, respectively. By enforcing an impedance behavior between each manipulator and the
object (internal impedance) and between the object and the environment (external impedance)
this control scheme is capable of limiting the contact wrench.
Denote with TD = { IrD,QID, I r˙D, IωD, I r¨D, Iω˙D} the desired trajectory of the object, where
IrD represents the desired position, the unit quaternionQID represents the desired orientation,
and I r˙D is the translational and IωD the angular velocity, and I r¨D and Iω˙D are the correspond-
ing accelerations. Due to the controlled compliance the contact wrench is limited in case of
a collision with the environment by adjusting the desired trajectory TD, which yields a com-
pliant trajectory TC. The trajectories for the two manipulators, TD,i, i ∈ {1,2}, are calculated
from the kinematics. The compliance control then yields the trajectory TC,i, i ∈ {1,2}.
The manipulators are controlled with PD-joint controllers extended by a non-linear model-
based feed-forward term that accounts for the manipulator dynamics. This significantly re-
duces the tracking error. This joint control structure is preferred to a centralized torque control
due to its increased robustness and the possibility of using the safety features of the industrial
controllers (e.g. tracking error monitoring or limitation of the joint speed etc.).
For both manipulators the inverse kinematics is resolved numerically at velocity level. Solv-
ing the inverse kinematics of the redundant 7-DOF manipulator requires the solution of an
optimization problem ([4]). The non-uniqueness of the inverse kinematics solution may be
exploited to optimize additional criteria, e.g. maximizing the force manipulability.
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Design and optimization of hybrid zero dynamics for a bipedal walking robot with series
elastic actuators
Ulrich Römer (Karlsruhe Institute of Technology), Shreyas Joshi (Karlsruhe Institute of Tech-
nology), Alexander Fidlin (Karlsruhe Institute of Technology), Wolfgang Seemann (Karlsruhe
Institute of Technology)
Energy efficiency, besides stable control, is crucial for autonomous walking robots. That is
why the generation of optimal gaits is an ongoing research topic. Optimal gait generation is
either performed offline via simulations or within real-time optimal control. While some of
the control strategies for bipedal robots, like the concepts of zero moment point or the capture
point, focus on stabilization, there are control designs which allow for the consideration of
energy efficiency. One of these is the design of trajectory tracking controllers with stable
hybrid zero dynamics. Offline optimization of the controller’s reference trajectories allows for
the design of energy efficient gaits.
However, energy efficiency depends on the robot’s gait as well as its design. While a robots
dimensions and its mass distribution are often difficult to change because they are determined
by many constraints from mechanical design and manufacturing requirements, elasticities
(springs) can be adjusted with low effort to improve efficiency. There are two categories
of elasticities for bipedal robots: parallel elasticities which couple parts of the robot’s struc-
ture substituting actuators or complementing them, and serial elasticities as interface between
an actuator and the robot’s structure. Parallel elasticities enable the adjustment of the robot’s
natural motions and resonance frequencies to its gaits. There are many successful application
in passive dynamic walkers as well as robots – the Cornell Ranger or FastRunner for instance.
Serial elasticities, on the other hand, increase the actuators’ shock tolerance, lower their effec-
tive inertias and also serve as energy storage. Serial elasticities decouple the actuators from the
structure thereby introducing additional degrees of freedom compared to stiff connections.
We consider a robot with an upper body, thighs, shanks and point feet which is actuated via
series elastic actuators in its hip and knees. While a stiff interface allows for the reduction of
the actuators inertia onto the robots’ segments, the serial elasticities introduce four additional
degrees of freedom – one for each actuator. Periodic walking is modeled by alternating singe
support and double support phases. During the single support phases, the stance foot is in
contact with the ground and acts as an unactuated revolute joint. The model’s nine degrees
of freedom and four actuators result in five degrees of underactuation. The double support
phases are assumed to be instantaneous plastic impacts of the swing foot on the ground. The
former swing foot does not slip or rebound while the former stance foot lifts off the ground.
A stable feed-back controller can be designed for this robot via trajectory tracking. If the
controller’s reference trajectories are tracked with sufficiently fast decay of perturbations, the
controllers stability depends only on its hybrid zero dynamics – the remaining, uncontrollable
dynamics of the system with perfect trajectory tracking. The controlled system is stable, if
its hybrid zero dynamics is stable and invariant with respect to the impact. We present an
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A Prediction Model for State Observation and Model Predictive Control of Biped
Robots
Robert Wittmann (Technische Universität München), Daniel Rixen (Technische Universität
München)
Biped walking robots present a class of mechanical systems with many different challenges
such as nonlinear multi-body dynamics, a large number of degrees of freedom and unilateral
contacts. The latter impose constraints on the motion generation and control of the robot. An-
other consequence is that pushing, uneven terrain and other unknown large disturbances can
cause the system to fall. In order to face such problems, an accurate and fast model of the
robot to observe the current state and predict the state evolution into the future can be used.
Accordingly such a model can then be combined in a model based optimization of the robot’s
motion to increase the system’s long term stability.
This work presents a planar model that approximates the humanoid robot by a three-mass
model. One basic assumption is that the robot’s feet and the center of mass perfectly track the
desired motion in an ideal frame of reference (FoR) which is attached to the robot. Two unac-
tuated degrees of freedom namely the absolute inclination and vertical translation describe the
transformation between an inertial FoR and this ideal FoR. It can also be shown that these two
degrees of freedom correspond to the slowest dynamics of a stiff position controlled humanoid
robot. In order to increase the accuracy, unilateral compliant contacts and a closed-loop con-
trol similar to the one used on the real robot are included. Numerical integration of the model
show its long term prediction accuracy and run-time performancecompared to other models.
The prediction model is applied for state observation and real-time model based parameter
optimization. Unknown large disturbances cause an inclination error of the robot which corre-
sponds to the before mentioned inclination of the model and which is used to map the effects
of disturbances to the model. For the observer the model is used in an extended Kalman filter
that produces an appropriate initial state. Using this initial state an optimization for the step
length modification can be solved in real-time. We show an applicationexample where the
ideal leg motions of our biped robot LOLA are adapted during a walking experiment with
disturbances. This avoids the system from falling which would happen if no motion adaption
is performed.
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An approach to feed-forward controller design for underactuated multibody systems in
the presence of uncertainty
Andreas Hofmann (University of Stuttgart), Nico-Philipp Walz (University of Stuttgart),
Michael Hanss (University of Stuttgart)
End-effector trajectory tracking of underactuated multibody systems is a challenging control
problem [1]. Common approaches to controller design make use of model-based feed-forward
controllers in order to take into account nonlinearities and the remaining internal dynamics.
However, model-based approaches imply exact knowledge of the system dynamics. Yet, the
mapping of a mechanical system into a mathematical model introduces uncertainty due to
approximations, simplifications or a lack of knowledge in the modeling process. This leads
to systematic errors, reflecting the discrepancy between the real system and the model, and
to a systematically misbehaving feed-forward controller. This uncertainty in modeling can
effectively be taken into account by the use of fuzzy arithmetic, which allows the inclusion
of parametric uncertainty in the modeling procedure [2]. In this approach, uncertainties in
the model are represented by fuzzy numbers, and the equations of controller design are then
evaluated by the use of fuzzy arithmetic [3]. As a showcase example, the dynamics of a two-
link manipulator with one rigid and one flexible link is approximated by a simplified model of
a rigid three-link manipulator with two actuated and one passive joint. Subsequently, inverse
fuzzy arithmetical methods are applied to identify the parametric uncertainty that needs to be
included to represent the structural uncertainty and to meet specified error bounds [4]. Finally,
a model-based feed-forward controller in combination with a feedback strategy is designed on
the basis of the simplified model in conjunction with the identified uncertainty. Furthermore,
it is shown that fuzzy arithmetical uncertainty modeling can be used to support the design
process and to draw conclusions about the closed-loop performance of the controller.
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Passive Rotation Compensation in Parallel Kinematics Using Quaternions
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University of Technology)
In order to convert the spatial motion of the moving platform of a parallel hexapod structure
into the linear actuators’ space, an inverse kinematical method is typically used. Based on the
DOF calculation equation, a 6-DOF motion of the moving platform is usually realized by a
2-2-2-DOF or a 3-1-2-DOF joint design. This implies:
1. a combination of six 2-DOF universal joints on the basement, six 2-DOF pneumatic
or hydraulic linear actuators, and another six 2-DOF universal joints on the moving
platform, or
2. a combination of six 3-DOF ball joints on the basement, six 1-DOF linear actuators, and
six 2-DOF universal joints on the moving platform.
Pneumatic and hydraulic designs typically show a lack in positioning accuracy. Therefore,
they are not suitable for precise handling tasks. In the second combination, the relative angular
motion between the upper and the lower parts of the linear actuators must be avoided, so
that the DOF can be limited to one. This can be realized, for example, by using ball screw
or trapezoidal screw linear actuators. However, the second design shows limitations in the
workspace to size ratio due to the restricted tilt angles of the ball joints.
For this reason, we use a 2-1-2-DOF joint design in our application. This implies a combina-
tion of six 2-DOF universal joints on the basement, six 1-DOF ball screw linear actuators, and
six further 2-DOF universal joints on the moving platform. This, however, is not obeying the
DOF calculation equation if the moving platform should realize a 6-DOF motion. But a prop-
erty of a ball screw linear actuator is that its linear motion is coupled with the angular motion,
which indicates that the 2nd angular DOF can be expressed in the 1st linear DOF space and
initiatively be compensated by the motion in the 1st DOF. This is denoted as passive rotation
compensation.
The passive rotation is usually formulated mathematically by using inverse trigonometric func-
tions (Riebe and Ulbrich 2003). The usage of these functions, however, commonly leads to
rounding error accumulation and the undesirable gimbal lock effect. In order to avoid these
problems, we suggest to formulate the passive rotation in terms of a rotation matrix and use
quaternions for describing it. A comparison between the inverse trigonometric formulation
and the quaternion formulation will be presented and discussed.
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Regularization Techniques forMultibody Systems using the Example of the Simple Pen-
dulum
Andreas Steinbrecher (TU Berlin)
In the modeling and simulation of multibody systems usuallydifferential-algebraic equations
(DAEs) in the form
p˙ = v (1a)
M(p, t)v˙ = f (p,v, t)−GT (p, t)λ , (1b)
0 = g(p, t) (1c)
with G(p, t) =
∂
∂ p
g(p, t)
arise, where the unknown variables are represented by the position variables p, the velocity
variables v, and the Lagrange multipliers λ . This model equations (1) contain so called hidden
constraints up to level 2, in particular, the constraints on velocity level
0 = G(p, t)v+
∂
∂ t
g(p, t) (2)
and the constraints on acceleration level
0 =
∂
∂ p
(G(p, t)v+
∂
∂ t
g(p, t))v+G(p, t)M−1(p, t)( f (p,v, t)−GT (p, t)λ )+ ∂
∂ t
(G(p, t)v+
∂
∂ t
g(p, t)) (3)
which complicate the numerical treatment, e.g., instabilities, order reduction, convergence
problems, or inconsistencies can occur in the numerical integration of (1).
Furthermore, many motions of mechanical systems have known solution invariants, i.e., rela-
tions which are satisfied along any motion of the mechanical system,like the invariance of the
total energy, momentum, or impulse. Let us denote the me equations describing such solution
invariants by
0 = e(p,v, t). (4)
In particular, conservative multibody systemsare energy conserving,as for example the simple
pendulum.In the numerical integration of the equations of motion (1) it is often desirable to
conserve these solution invariants in an explicit way, since the restriction according to solution
invariants is in general not satisfied by the numerical solution of the equations of motion.
Therefore, for reasons of the existence of hidden constraints and of solution invariants a regu-
larization or remodeling of the model equations is required which
R1) reduces the index and
R2) preserves the set of solutions.
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Variational multirate integration in multi-body dynamics
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(Control Group, University of Oxford), Sigrid Leyendecker (Friedrich-Alexander-University
Erlangen-Nuremberg)
Mechanical systems with dynamics on different time scales have contradicting requirements
on the integration method. On the one hand, for stable integration of the fast dynamics tiny
time step sizes are needed. On the other hand, for the slow dynamics large time steps are
accurate enough. To meet both requirements, multi-rate methods are used. They split the
system into parts, which can be simulated using different methods [1, 5]. In the framework
known as variational multirate integration [4] two time grids are used to integrate the systems
dynamics. It inherits the properties form variational integrators, such as symplecticity, discrete
Noethers theorem, and good energy behaviour [3].
Here we focus on the simulation of rigid multibody systems with dynamics on different time
scales. The description of rigid body is taken form [2] where there is a vector for the spatial
position and an orthonormal director triad for the orientation of the body. The director triad
corresponds with a rotation matrix describing the orientation of the body. The rigid bodies are
connected with joints described by holonomic constraints [2]. The connected rigid bodies can
be in chain or tree structure. Because the dynamics are on different time scales, the constraints
have to be considered on different time scales too, in particular constraints that couple the slow
and the fast degrees of freedom are present.
References
[1] M. Arnold, Multi-rate time integration for large scale multibodysystem models. in: IU-
TAM Symposium on Multiscale Problems in Multibody System Contacts, edited by
P. Eberhard, (Stuttgart, Germany, 2007), pp. 1–10.
[2] P. Betsch, and S. Leyendecker, The discrete null space methode for the enrgy consistent
integration of constrained mechanical system. Part II: Multibody dynamics Int. J. Nu-
mer. Meth. Engng 67, 499–552 (2006).
[3] J. E. Marsden and M. West, Discrete mechanics and variational integrators. in: Acta Nu-
merica, 10, pp. 357–514 (2001)
[4] S. Leyendecker, and S. Ober-Blöbaum, A variational approach to multirate integration
for constrained systems. in: Multibody Dynamics, Computational Methods in Applied
Sciences edited by J. C. Samin, P. Fisette, Computational Methods in Applied Sciences,
(Springer, 2013), pp. 97–121.
[5] A. Stern and E. Grinspun, Implicit-explicit variational integration of highly oscillatory
problems. Multiscale Model. Simul. 7, 1779–1794 (2009).
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11.03.2016 08:50 Manuela Paschkowski Altgebäude (Schleinitzstrasse), Raum SN19.7
Solvability of initial value problems for multi-body systems with redundant unilateral
constraints
Manuela Paschkowski (Martin Luther University Halle-Wittenberg), Martin Arnold (Martin
Luther University Halle-Wittenberg)
Making use of Langrange multiplier methods the dynamics of interconnected rigid or flexi-
ble bodies under certain inequality constraints can be modeled as a system of second order
differential equations coupled with a complementarity problem
M(q)q¨ = f (q, q˙, t)+GT (q)λ ,
0≤ λ ⊥ g(q)≥ 0.
Here, the mass matrix M(q)∈Rn×n is supposed to be symmetric, positive definite. A common
assumption is furthermore that the constraints g(q) ≥ 0 are independent which means that
the Jacobian matrix G(q) := ∂∂q g(q) ∈ Rm×n has full rank. But many models in practical
applications (e.g. of vehicle construction, biomechanics or robotics) deal with dependent
(redundant) constraints. One option to study existence conditions for analytical or numerical
solutions is the identification and elimination of these terms. However, if the complexity and
the computational effort of the implementation should be optimized, the use of redundant
constraints cannot be avoided and the existing solvability theory must be generalized to a case
with weaker assumptions. Using existence results for generalized complementarity problems
and multivalued fixed point theorems we generalize the proof of existence of solutions to
the case with redundant unilateral constraints. Furthermore we will discuss with the aid of
numerical test examples existence and uniqueness of solutions in the case of singular positive
semidefinite mass matrices.
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11.03.2016 09:10 Dominik Hamann Altgebäude (Schleinitzstrasse), Raum SN19.7
Varying Workpiece Dynamics in Milling Stability Analysis
Dominik Hamann (University of Stuttgart), Peter Eberhard (University of Stuttgart)
Machining processes, such as milling, are essential and critical parts of the production process
in industry. Whether milling from a solid block or casting finishing, process optimization,
for instance to get high material removal rates, is sought to decrease cycle times and costs.
Simultaneously, quality with regard to surface finish or tool wear is expected not to suffer or
even to be improved. Especially machining of thin-walled workpieces, like turbine blades,
show a high sensitivity of the machining process on vibrations.
A machining process with varying workpiece dynamics is investigated with regard to stability.
On the one hand, the milling tool moves along the workpiece due to the feed rate, whereby
the contact point shifts. On the other hand, the workpiece is affected by material removal.
Furthermore, the dynamics of chipping cannot be regarded as negligible.
The Finite Element Method is used for modeling a T-shaped plate, mimicking a turbine blade,
at several states of the machining progress. During the machining process, a continuous pro-
gression of the workpiece dynamics can be obtained with parametric model order reduction
[1, 2]. Concurrently, a manageable number of degrees of freedom is effectuated by modal
truncation. Chipping is modeled with a force law depending on the workpiece displacements
at the milling tool, while the milling tool suffers no displacement besides the prescribed feed
rate. This approach yields a formulation of parameter depended system matrices of the work-
piece due to material removal and a force law depending on the identical parameter as a result
of the feed rate.
In addition to efficient time simulations using elastic multibody systems, a prediction of the
system stability is sought, see [3]. Usually, the stability of machining processes is shown in
stability charts by illustrating the limit of stability as a function of machining parameters. The
identification of the stability limits is time-consuming, so that a bisection method is used for a
expedient selection of operation point for evaluation.
[1] H. Panzer, J. Mohring, R. Eid, and B. Lohmann, “Parametric model order reduction by
matrix interpolation”, at - Automatisierungstechnik, vol. 58, no. 8, pp. 475–484, 2010.
[2] A. Fischer, P. Eberhard, and J. Ambrósio, “Parametric flexible multibody model for
material removal during turning”, Journal of Computational and Nonlinear Dynamics,
vol. 9, no. 1, pp. 011007–1 – 011007–10, 2013.
[3] T. Insperger and G. Stépán, Semi-Discretization for Time-Delay Systems: Stability and
Engineering Applications. New York: Springer, 2011.
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08.03.2016 08:30 Anna Daub Schleinitzstrasse 22, Raum SN22.1
Left Ventricular Flow Field Evaluation - A Step Toward Generalization of Post-
Processing Techniques
Anna Daub (Karlsruhe Institute of Technology), Bettina Frohnapfel (Karlsruhe Institute of
Technology), Jochen Kriegseis (Karlsruhe Institute of Technology)
Today’s computational resources enable the study of blood flow in numerical heart models
of high complexity. However, there is no standardized strategy for analysing the blood flow
which is necessary for meaningful and reliable comparison of data generated with different
set-ups, e.g. simulation or experiment. A step towards generalization is taken by analysing
the spatial resolution of the Q-criterion and the finite-time Lyapunov exponent (FTLE), which
are both well accepted and widely used for researching dynamics in the human heart.
In a healthy heart, the inflow characteristics are dominated by a ring shaped vortex that forms
behind the mitral valve and then propagates towards the apex. Thereby, the ventricle is washed
out which minimizes risks of flow stasis and thrombogenesis. As such, the requirements of
post-processing strategies center around the necessity to accurately determine both size and
strength of vortices. Based on point-wise Eulerian assessment, the Q-criterion provides infor-
mation on the spatio-temporal development of the vortex formation. However, cause-effect
relations between shape of the heart wall and vortex formation remain hidden, since only in-
stantaneous velocity fields are evaluated. Performing additional Lagrangian analysis by means
of the FTLE accounts for this issue. Its capability to visualize the transport of Lagrangian co-
herent structures enables the identification of clear vortex boundaries. Furthermore, the FTLE
captures the time dependent evolution of the dynamic system [1].
A full characterization and guidelines for consistent application especially for the FTLE method
are missing. This issue is addressed by systematically varying the spatial resolution of the un-
derlying Eulerian velocity data and the number of calculated Lagrangian tracks necessary to
ensure an accurately detected vortex position and sharp boundaries. Consequently, the deriva-
tion of global criteria to estimate the required data resolution is enabled. The thereby gained
knowledge is then transferred to analyse the numerically determined flow field in an idealized
patient specific left ventricle obtained from MRT data [2].
In future the temporal resolution of the FTLE method has to be characterized to complete the
process. A generalized post-processing procedure will then enable reliable and meaningful
comparison of flow changes introduced in the left ventricle by changing health status.
References
[1] S. C. Shadden, J. O. Dabiri, J. E. Marsden, Lagrangian analysis of fluid transport in
empirical vortex ring flows, Phys. Fluids, 18, 2006.
[2] S. Krittian, T. Schenkel, U. Janoske, H. Oertel, Partitioned Fluid-Solid Coupling for Car-
diovascular Blood Flow: Validation Study of Pressure-Driven Fluid-Domain Deforma-
tion, Ann. Biomed. Eng., 8, 2010.
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08.03.2016 08:50 Sebastian Aland Schleinitzstrasse 22, Raum SN22.1
Modeling and simulation of biological cells in flow
Sebastian Aland (TU Dresden)
Accurate measurements of cell elasticity help doctors and biologists to detect diseases and
physiological changes of biological cells. An innovative new technique uses a flow scenario
to measure the elasticity of large amounts of cells at a rate of 100 cells per second. The idea is
to flow cells through a narrow channel which leads to deformation by shear stress and pressure
gradients. A comparison of the observed cell shapes with numerical simulation results permits
conclusions on the elasticity of the cell.
In my talk I will address numerical methods to simulate this scenario. In particular I will
present three different modeling approaches for cells flowing through a narrow channel, where
cells are modeled either as (i) viscous fluids with surface tension to account for actomyosin
contraction of the cytoskeleton, (ii) viscoelastic bodies to account for the viscoelasticity of
intracellular components, (iii) fluid-filled elastic shells accounting for the elasticity of the
actin cortex.
A phase field is used to represent the cell geometry in all three approaches. Phase field mod-
eling permits an easy mechanism to couple the cell geometry to hydrodynamics including
forces due to cell elasticity and surface tension. I will compare the obtained cell shapes with
experimental and analytical results and draw conclusions on which the model is best-suited to
describe biological cells in flow.
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08.03.2016 09:10 Michele Marino Schleinitzstrasse 22, Raum SN22.1
Arterial biomechanics and mechanobiology: regulation of tissue mechanics through
histological and biochemical remodeling
Michele Marino (Leibniz Universität Hannover), Giuseppe Pontrelli (CNR), Giuseppe Vairo
(University of Rome "Tor Vergata"), Peter Wriggers (Leibniz Universität Hannover)
The arterial wall is characterized by an heterogeneous structure made up of several thin layers
rich of collagen and elastin. Different structural and chemical properties, closely related in a
closed-loop feedback control system, can be found across aortic thickness and determine the
physiological functional behaviour of the artery. A challenging open issue in biomechanics is
to model the effects of physio-pathological mechanisms on the macroscale functional response
of cardiovascular structures, starting down from their biological onset.
Arterial physiopathological behavior involves multiphysics mechanisms, as the result of a
complex interplay between microscale transport phenomena and mechanical equilibrium. Vas-
cular mechanics depends indeed on the structural organization and properties of arterial wall
constituents. In turn, the latter are driven by remodeling mechanisms governed by the pro-
teolytic activity of enzymes diffusing within aortic thickness or by the activation of genes
(inducing the synthesis of arterial constituents) following cell-cell signaling pathways medi-
ated by soluble factors.
For instance, multiphysics mechanisms control the degradation and the deposition of the ex-
tracellular matrix (ECM) whose dysregulation leads to pathological remodeling of the car-
diovascular tissues. Several biologically active molecules affect the rate of deposition and
degradation of ECM (such as, matrix metalloproteinases MMPs, endogenous tissue inhibitors
TIMPs, transforming growth-factors TGF-β s). Under physiological conditions, a balance be-
tween ECM deposition and degradation is maintained, while a loss of activity control may
result in diseases such as aneurysms. In order to account for these mechanisms in numerical
simulations of arterial biomechanics, a direct relationship between micro/nanoscale mecha-
nisms and mechanical response of arterial tissues is needed, avoiding phenomenological-like
descriptions. In this framework, constitutive hyperelastic models based on multiscale homog-
enization techniques for collagenous tissues have been recently introduced. These models
explicitly incorporate nano- and microscale mechanisms, giving a special insight on the link
between histology and mechanical response of collagenous tissues.
The aim of this work is to draw a coupling strategy for microscale reactive/transport phe-
nomena and tissue mechanical response. The key components of both computational prob-
lems are presented and analysed, presenting two modelling approaches which are validated
and discussed. The governing equations of presented models are developed within an an-
alytical framework, opening to a novel and effective multiscale modeling strategy for the
coupling of transport-mechanical processes. Several parametric simulations are conducted
in order to analyse the effects of tissues pathological histochemical alterations on the overall
macroscopic mechanics of the cardiovascular structures. Thereby, the proposed computational
framework opens to the analysis of tissue mechanics with collagen cross-linking, enzymatic
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08.03.2016 17:00 Patrick Schröder Schleinitzstrasse 22, Raum SN22.1
Multi-component modelling and simulation of metastases proliferation within brain tis-
sue
Patrick Schröder (University of Stuttgart), Arndt Wagner (University of Stuttgart), Wolfgang
Ehlers (University of Stuttgart)
A severe step in carcinogenesis is the invasion of tumour cells into the blood-vessel system
resulting in metastases growth in the extra-vascular space of distant organs. In the specific
case of lung cancer, tumour cells pass the blood-brain barrier to enter the brain tissue. Then,
the extravasated tumour cells migrate inside the invaded tissue, form metastases and finally
compromise the functionality of the affected organ due to growth processes. In general, the
proliferation of the metastases is based on the available nutrient supply. To overcome a nutri-
ent limitation, the metastases induce blood-vessel growth (angiogenesis) and form large vas-
cularised metastases. A promising treatment of the metastases is a pressure-driven infusion of
a therapeutic agent into the interstitial fluid. Besides experiments and patient studies, numer-
ical investigations aim to improve the understanding of metastatic processes and its treatment
options.
Therefore, a continuum-mechanical model of metastases growth and atrophy is presented
in the framework of the Theory of Porous Media (TPM). Therein, mutually interacting com-
ponents of the tissue aggregate on the microscale are superimposed based on a volumetric
homogenisation of a representative elementary volume (REV). In this regard, a macroscopic
model of a porous liquid-saturated solid arises. The elastic solid skeleton is perfused by two
immiscible pore liquids, namely the interstitial fluid and the blood. Moreover, the pore liquids
are described as a real mixture of miscible components. In particular, tumour cells migrate
and proliferate in the solvent of the interstitial fluid. Their growth is related to dissolved nu-
trients, whereas the infused therapeutic solution induces cell death (apoptosis). Furthermore,
the blood consists of tumour cells embedded in the blood plasma. The extravasation, growth,
angiogenesis and apoptosis are characterised by distinct mass exchange processes of the con-
stituents in a closed-system approach of the overall aggregate.
In terms of governing equations, the model is based on the overall momentum balance, the
volume balances of the pore liquids and the concentration balance of their components. Con-
sequently, the primary variables are the solid deformation, the pore pressures of the liquids
and the concentrations of the solved components.
For the numerical implementation, the coupled partial differential equations are solved
monolithically using the inhouse finite-element package PANDAS. Therefore, the model is
discretised in space by the finite-element method (FEM) and in time by an implicit time-
integration scheme. The presented numerical examples show the feasibility of the model and
allow the simulation of metastases growth based on in-vitro multicellular tumour spheroids
experiments.
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08.03.2016 17:20 Marzieh Azarnoosh Schleinitzstrasse 22, Raum SN22.1
A Novel Model to Describe the Intervertebral Disc Mechanical Response
Marzieh Azarnoosh (RWTH Aachen University), Yousef Heider (RWTH Aachen University),
Marcus Stoffel (RWTH Aachen University), Bernd Markert (RWTH Aachen University)
Over the last several decades, the spinal disc herniation has increasingly become a very impor-
tant orthopedic problem in clinical research. In this, biomechanical developments and studies
of intervertebral discs (IVDs) have greatly helped to improve people’s health. IVDs are lo-
cated between the vertebrae. An IVD consists of two main parts; the annulus fibrosus (AF)
and the nucleus pulposus (NP). Together, they transfer stress and weight from one vertebra to
another and enable the motion in the sense of a flexible joint. In spinal disc herniation, the
degenerated AF of an IVD allows the soft gel-like core (NP) to leak out through the ruptured
thick fibrous outer ring. A herniated lumbar disc can press on the nerves in the spine and
cause severe back pain. Therefore, developments and investigations of replacement materials
for IVDs have been an important topic in clinical research. The challenge is to develop mate-
rials, which mechanical behaviour ideally mimics that of the cartilage comprising the native
discs, see [1, 2]. The main objective of the present work is the development of an advanced
numerical simulation model to describe the essential effects characterising the behaviour of
IVDs. As a multiphase material, IVDs consist of solid and fluid phases, see [3]. Therefore, the
presented model mainly focuses on the development of a new anisotropic viscoelastic material
model which not only takes the mechanical behaviour of solid part into account, but also the
flow-dependent behaviour of the pore fluid. The presentation will be concluded by a detailed
discussion of the numerical simulation results of the IVD herniation using the finite element
method.
[1] Azarnoosh, M., Stoffel, M., Markert, B.:Anisotropic viscohyper-
elastic behaviour of intervertebral discs: Modelling and experi-
mental validation, in: PAMM, Vol. 14, pp.91–92 (2014).
[2] Azarnoosh, M., Stoffel, M., Weichert, D.: Numerical modelling
and experimental validation of intervertebral discs in: Proceed-
ing of ASME, Vol. 9, pp.51–59 (2013).
[3] Ehlers, W., Karajan, N., and Markert, B.: An extended biphasic
model for charged hydrated tissues with application to the inter-
vertebral disc in: Biomech Model Mechan, Vol. 8, pp.233–251
(2009).
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08.03.2016 17:40 Markus Hillgärtner Schleinitzstrasse 22, Raum SN22.1
Failure of adhesive bonds between proteoglycans causes viscoelasticity of soft tissues
Markus Hillgärtner (RWTH Aachen University), Kevin Linka (RWTH Aachen University),
Mikhail Itskov (RWTH Aachen University)
Soft tissues can be considered as a composite material where a matrix (ground substance) is
reinforced by collagen fibers. These fibers consist of fibrils, which are connected by proteo-
glycan (PG) bridges. The time-dependend properties of soft tissues have been identified to be
mainly caused by proteogylcans [1].
This contribution presents a modeling approach where damage in the PG bridges arises due
to the failure of the covalent bonds between two proteoglycans. The breakage of covalent
bonds is reversible over time and incorporated using a healing formulation. A high PG density
supports interfibrillar sliding and hence leads to a lower fibril stretch [3]. Accordingly the
damage propagation in PG bridges leads to a higher stretch in the fibrils and therefore to a
stiffer material response. The strain energy of the fibrils is based on the response of single
tropocollagen molecules and takes both, an entropic and an energetic regime into account [2].
Finally, the model is compared against experimental data available in the literature.
References
[1] H.S. Gupta, J. Seto, S. Krauss, P. Boesecke and H.R.C. Screen (2010). In situ multi-level
analysis of viscoelastic deformation mechanisms in tendon collagen. Journal of Structural
Biology, 169, 183−191.
[2] K. Linka and M. Itskov (2015). Mechanics of collagen fibrils: A two-scale discrete dam-
age model. Journal of the Mechanical Behavior of Biomedical Materials (in press)
[3] S. Rigozzi, R. Müller, A. Stemmer and J.G. Snedeker (2013) Tendon glycosaminogly-
can proteoglycan sidechains promote collagen fibril sliding-AFM observations at the
nanoscale. Journal of Biomechanics, 46, 813−818.
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08.03.2016 18:00 Alberto Stracuzzi Schleinitzstrasse 22, Raum SN22.1
Modelling the time-dependent behaviour of thin collagen membranes: bi-phasic theory
vs. volumetric viscoelasticity
Alberto Stracuzzi (ETH Zurich), Alexander Ehret (Empa. Swiss Federal Laboratories for
Materials Science and Technology)
It has been shown that the mechanical response of amnion, the innermost of the foetal mem-
branes, is characterized by time-dependent behaviour, and in particular that it undergoes large
volume changes under uniaxial and biaxial loading conditions [1]. It was hypothesized that
the initial tension reduction observed in relaxation tests was due to outflow of water from the
collagenous network, allowing for large lateral and thickness contractions of the membrane
[1]. Recently, a nonlinear, compressible model was proposed to capture this intrinsically bi-
phasic behaviour, by an internal state variable accounting for viscoelastic volume changes [2].
In this model the fibres are distributed uniformly with respect to the membrane plane. This
numerically inexpensive approach showed excellent predictive qualities and possible relations
to the theory of porous media were discussed [2]. In the present contribution, finite element
simulations of thin fluid-saturated porous sheets are employed to study these relations, de-
termine the limits of applicability for the homogenized volumetric viscoelastic model, and
finally, to connect the evolution equation for the internal variable with characteristics of the
bi-phasic material. To this end, the hyperelastic limit of the model in [2] is implemented and
used to represent the porous solid matrix of the membrane. Both this matrix and the fluid
are modelled as intrinsically incompressible materials [3] and Darcy’s law is used to consti-
tutively describe the interstitial fluid flow through the fibre network [cf. 4]. The comparison
between the approaches shows that the volumetric viscoelastic model is able to reliably predict
the time-dependent behaviour for thin membranes over a wide range but that the agreement
with bi-phasic simulations depends strongly on membrane geometry and its porous properties.
Both models provide valuable insight into the deformation mechanisms that characterise the
particular response of the amniotic membrane.
References
[1] Mauri A, Perrini M, Ehret AE, Focatiis DSA, Mazza E (2015) Time-dependent mechanical
behaviour of human amnion: Macroscopic and microscopic characterization. Acta Biomater
11:314-323
[2] Mauri A, Ehret AE, Focatiis DSA, Mazza E (2015) A model for the compressible, vis-
coelastic behaviour of human amnion addressing tissue variability through a single parameter.
Biomech Model Mechanobiol, in press, doi:10.1007/s10237-015-0739-0
[3] Federico S, Grillo A (2012) Elasticity and permeability of porous fibre-reinforced materi-
als under large deformations. Mech Mater 44:58-71
[4] Tomic A, Grillo A, Federico S (2014) Poroelastic materials reinforced by statistically ori-
ented fibres – numerical implementation and application to articular cartilage. IMA J Appl
Math 79:1027-1059
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08.03.2016 18:20 Lukas Eurich Schleinitzstrasse 22, Raum SN22.1
From functional properties of frost-resistant plant tissues towards customised construc-
tion materials - A continuum-mechanical approach
Lukas Eurich (University of Stuttgart), Rena Schott (State Museum of Natural History
Stuttgart), Anita Roth-Nebelsick (State Museum of Natural History Stuttgart), Arndt Wag-
ner (University of Stuttgart), Wolfgang Ehlers (University of Stuttgart)
During their evolutionary history, plants have developed a strong resistance with regard to var-
ious weather conditions, particularly to frost. Frost-resistant plants are able to cope with many
cycles of freezing and thawing events without any damage. In contrast, a phase change of the
pore content from water to ice frequently leads to damage in common construction materials
due to the associated volume change of the pore water. Hence, the objective is in the first step
to gain a better understanding of the strategies which enable plant tissues to be frost resistant.
Therefore, an interdisciplinary approach is followed in the sense that, on the one hand, exper-
iments are carried out and evaluated by means of Scanning Electron Microscopy (SEM) and
Cryo-SEM. On the other hand, an accompanying multi-component and multi-phasic material
model is set up, which is solved numerically.
As frost-hardy plant tissues are formed by ordered arrangements of single cells with pre-
scribed size, shape and cell-wall properties, they can be be regarded as an anisotropic natural
porous material. A sound continuum-mechanical model can be realised in the framework of
the Theory of Porous Media (TPM). Within the TPM, processes occurring on the microscale
can be related to a homogenised macroscopic model. This is achieved by a volumetric ho-
mogenisation of the microscopic structure within a representative elementary volume (REV),
resulting in superimposed and interacting constituents. In order to assess the phenomena of
freezing and thawing in an anisotropic porous material, a four-component model is introduced.
This model proceeds from a thermoelastic and transversely isotropic solid skeleton formed by
the tissue cells. Within the pore space, two pore fluids, namely, materially compressible air
and materially incompressible water are present. The latter can be subjected to a phase transi-
tion and turns into ice, which is kinematically coupled to the solid skeleton.
The considered mechanisms are the flow management due to the anisotropic architecture
of the tissue skeleton and, in particular, the phase transition of the liquid pore content from
water to ice. The first mentioned mechanism is taken into account by anisotropic permeability
conditions, the second one can be characterised by a jump in density at the interface and the
coexistence of both phases during the freezing process. Therefore, at the interface between
water and ice, a singular surface is introduced. The evaluation of the jump conditions at the
singular surface results in a formulation of the mass transfer which compares the energy added
to the system to the energy needed for the phase change. The surface specific mass transfer
across the interface is converted into the volume specific mass production term of the mass
balance equation within the TPM by considering in particular the volume fractions of water
and ice. The resulting system of equations is solved numerically by means of the in-house
Finite-Element (FE) Code PANDAS. First examples will be presented.
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08.03.2016 18:40 Pouyan Asgharzadeh Schleinitzstrasse 22, Raum SN22.1
Analysis of Physcomitrella chloroplasts to reveal adaptation principles leading to struc-
tural stability at the nano-scale
Pouyan Asgharzadeh (Stuttgart University), Oliver Röhrle (Stuttgart University)
Proteins of the FtsZ (filamentous temperature-sensitive Z) family establish complex polymeric
spatial patterns in plastids of the moss Physcomitrella patens. These structures represent a
»plastoskeleton« that might contribute to plastid shape and stability. The aim of this work is
to develop computer models of FtsZ network connectivity and dynamics in order to investigate
whether molecular structures of the plastoskeleton are evolutionary optimized to withstanding
mechanical stress. This computer model is developed from green fluorescent protein (GFP)
images obtained by biologists by means of laser scanning confocal microscopy which would
result in 3D images of structural members of chloroplasts. Furthermore, structural reconstruc-
tion techniques based on cellular automata algorithm are applied on the raw image data to
compensate for any information that is lost in the process of imaging. Segmentation of the
processed data will result in the computer model of the targeted structures, which are used for
further analysis. Model generation and experimental testing in the moss system is conducted
in an iterative process with the aim of both forward and reverse biomimetics.
A combination of structural similarity index method (SSIM) and machine learning algorithms
are utilized to extract structural features of the FtsZ network in Physcomitrella patens, which
include determination of the sub-family of the FtsZ isoform in a semi-automatic manner from
the image data and extraction of structural information based on the family type.
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09.03.2016 08:30 Rose Rogin Gilbert Schleinitzstrasse 22, Raum SN22.1
Parameter identification of the passive response in human arteries
Rose Rogin Gilbert (TU Clausthal), Stefan Hartmann (TU Clausthal), László Kudela (TU
Munich), Ernst Rank (TU Munich), Zohar Yosibash (Ben Gurion University), Ofry Yoseph
(Ben Gurion University)
Even though there are many experimental studies on different animals like rats, dogs and
porcine to understand the passive response of arteries, there are very few experiments per-
formed on fresh human arteries. In our investigation, a small length of human mammary artery
is used to perform tension-inflation experiments to model the passive response of arteries. The
mechanical properties of arterial walls are different in circumferential and axial directions due
to anisotropy. The real loading conditions (internal pressure, axial stretch) are not well-known.
Thus, different loading paths are used to investigate its basic mechanical behavior. A special
testing device has been developed for applying axial displacements and internal pressure, and
to measure both the axial force as well as the radial deformation by means of digital images.In
this presentation, a constitutive model considering the anisotropic material behavior is cho-
sen for the media and adventitia, where the parameters have to be determined for particular
loading conditions, and the identification of material parameters of the geometrical non-linear
and inhomogeneous specimen is of particular interest. The artery was pre-conditioned and
tension inflation experiments were performed to obtain the axial reaction force and the radial
displacements for given axial displacements and internal pressure. A trust-region reflective
algorithm, provided in Matlab, was used to find the best-fit parameters in a least square sense.
An optimization data tool was developed which called the FEM program during each iteration
of the optimizer. The correlation between set of parameters assigned to each layers is studied
to better understand the reliability of the material parameter identification. The correlation be-
tween the material parameters are of primary importance as it determines whether the material
model is over-parameterized or under-parameterized and/or different kinds of experiments are
needed to be performed. These detailed issues are addressed in the presentation.
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09.03.2016 08:50 Wolfgang Willenberg Schleinitzstrasse 22, Raum SN22.1
Experimental and numerical investigation of tendons and tendon cells
Wolfgang Willenberg (RWTH Aachen University), Marzieh Azarnoosh (RWTH Aachen Uni-
versity), Marcus Stoffel (RWTH Aachen University), Bernd Markert (RWTH Aachen Univer-
sity)
Tendon injuries are a common problem in medicine. It is well known that healthy tendons
do not rupture. Accordingly, tendon injuries are mostly accompanied by pathological changes
and micro ruptures, but still less is known about the underlying processes. Additionally, it
is known that the implantation of autologous tendon cells into the defective part of a tendon
supports the healing process of tendon diseases. Unfortunately, tendon cells are very rare and
often cannot be extracted in a sufficient number. Thus, from the clinical point of view, there
is a high interest in investigating tendon cells under mechanical stimulation and to cultivate
tendon cells for later implantation. [1,2]
In order to get a better understanding of the evolution of tendons and tendon cells under me-
chanical stimulation, an experimental and numerical study is carried out, which is suitable for
both the investigation of tendon cells and the investigation of whole tendon tissue. For this
reason, a novel bioreactor is developed. The experimental set up comprises a high precision
engine for the displacement application, a novel clamp device for a reproducible fixation of the
sample and a cultivation chamber, which enables a total immersion of the sample in nutrient
solution or other fluids. As a special feature, the bioreactor system is equipped with a moni-
toring system measuring the forces of the clamped sample during the cultivation period.
In the experiments tendon cells are seeded on a collagen foil, which is stretched by the biore-
actor. With the aid of an appropriate material law and numerical analysis, the local strains
of the cells are determined. Additionally, in order to get a better understanding of tendons
in general, also cut out pieces of a complete bovine tendon are investigated in the bioreactor,
followed by a numerical analysis.
[1] Lui, P.P.Y., Ng, S.W.: Seminars in arthritis and rheumatism, Cell
therapy for the treatment of tendinopathy - a systematic review on
the preclinical and clinical evidence, Elsevier, 2013
[2] Obaid, H., Connell, D.: Cell therapy in tendon disorders: What is
the current evidence?, The American Journal of Sports Medicine,
38 (10), 2123–2132 (2010)
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An investigation of femoroacetabular impingement using motion capture, FEM and
multi-body simulations
Robert Cichon (University Duisburg-Essen), Dominik Raab (University Duisburg-Essen), Si-
mon Hewera (University Hospital Essen), Andrea Lazik-Palm (University Hospital Essen),
Jens M Theysohn (University Hospital Essen), Stefan Landgraeber (University Hospital Es-
sen), Wojciech Kowalczyk (University Duisburg-Essen)
The Femoroacetabular Impingement (FAI) has become increasingly a common orthopedic
disease caused by a non-physiological contact between the proximal femur and the acetabular
rim due to bone deformities. This may lead to pain, limitation of movement, and long-term
damage of the cartilage [1]. This disease may also lead to total hip replacement. The bone
deformities can occur either at the femoral head (cam) or at the acetabular rim (pincer) or even
combined. Diagnosing FAI radiological techniques such as MRI are requested. An arthro-
scopic surgery is done as a treatment in which the impinged bones are shaped. Unfortunately,
nowadays this therapy is exclusively based on subjective interpretations, which is therefore
an only semi-quantitative diagnosis. New techniques are required to get further evaluations,
thus allowing a more exact planning of the surgery. The aim of this novel approach for the
evaluation of the FAI is to develop a model that combines motion capture, pain detection, MR-
Imaging, FEM and multi-body simulations as well as to navigate the bone removal to ensure
no pain.
In order to quantify the FAI a physical examination is conducted by a doctor while the patient
is lying in a dorsal position. The examination is separated in six different movements: flexion,
abduction/adduction, internal-and external rotation and a FAI provocation test. The maximum
angles for these movements are computed using marker-based motion capturing, applying
Plug-in gait‘s lower body model. Furthermore the pain is measured simultaneously using a
handheld device, which the patient compresses according to his sensation of pain. After this
investigation, an MRI scan is performed using a Siemens Magnetom 1.5T with a comprehen-
sive thin layer protocol and a slice thickness of 1.5mm. The patient is lying in the 0° position
to ensure no rotation of the femur. A high resolution STL model can be manually extraced
from the MRI data using MIMICS©. This STL data is finally convert into a CAD model
which is synchronized with the motion capture data to simulate the impingement of the femur
against the acetabular rim using ANSYS© and appropriate material properties. Furthermore a
coordinate system must be placed in the center of the hip joint to control the simulation. This
whole procedure is performed before and after the surgery to allow patient-specific pre-and
post-operative comparisons.
Using this the movement of the patients’ hip can be very good visualized. But the bony con-
tact between proximal femur and acetabular rim could not be detected, which leads to the
hypothesis that the labrum is squeezed and may induce the pain. A patient-specific model of
the hip joint is transferred from the MRI data and the femur is moved using functions imple-
mented in ANSYS©. Additionally, stresses in the area of pain are calculated using FEM. The
simulation in combination with a computer controlled navigation will support a more exact
patient-specific bone removal and may have the advantage that the removed bone is enough in
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On data-guided optimal control simulation of human motion
Ramona Hoffmann (University of Erlangen-Nuremberg), Bertram Taetz (University of
Kaiserslautern), Markus Miezal (University of Kaiserslautern), Gabriele Bleser (University
of Kaiserslautern), Sigrid Leyendecker (University of Erlangen-Nuremberg)
This work presents an approach on combining optical motion capturing data with optimal
control simulations of human motion. Both ways to investigate human motion benefit from
bridging the gap between measurements and simulation. On the one hand, the simulation re-
sults are more realistic when the system is guided by restrictions given by measurements. On
the other hand, improving optical motion capturing measurements using advanced biomechan-
ical models helps compensating measurement sparsity, errors or lacks. In [1], a data-guided
optimal control simulation is shown, where the difference to measurement data is part of the
objective function. In contrast to that, we formulate nonlinear constraints that account for
the measurement data, while the objective function is purely physiologically motivated. For
the measurements, a stationary optical system, which is a widespread capturing technology in
biomechanics and movement science, is used under laboratory conditions. The optimal control
simulations are performed using a method called DMOCC (discrete mechanics and optimal
control for constrained systems, see [2]), which benefits from its structure preserving formu-
lation. Preliminary results show the feasibility of the approach [3]. The present results give a
first impression on the relevance of data-guided optimal control simulation to several arm mo-
tions like steering or punching using different physiologically motivated objective functions.
References
[1] D. Heinrich, A. J. van den Bogert, W. Nachbauer. Relationship between jump land-
ing kinematics and peak ACL force during a jump in downhill skiing: A simulation
study. Scand. J. Med. Sci. Sports, e180-e187, 2014.
[2] S. Leyendecker, S. Ober-Blöbaum, J. Marsden, and M. Ortiz. Discrete mechanics
and optimal control for constrained systems. Opt. Contr. Appl. Met., Vol. 31, pp.
505-528, 2010.
[3] T. Gail, R. Hoffmann, M. Miezal, G. Bleser, and S. Leyendecker. Towards bridging
the gap between motion capturing and biomechanical optimal control simulations.
In: Proceedings of the Multibody Dynamics ECCOMAS Thematic conference, 10
pages, Barcelona, Spain, 29 June - 2 July 2015.
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Hill–Type Muscle Models: Investigations on Stability, Sensitivity and Optimal Control
Robert Rockenfeller (Universität Koblenz-Landau, Campus Koblenz)
In Hill–type muscle modeling, the actuator “muscle” is described by a differential–algebraic
equation system, containing a mathematical description of physiological processes; An elec-
trical neural signal (input) is transformed into chemical bonding (activity) that induces a length
change (contraction) and therefore a force (output). We investigate the structure, parameter
influence and dynamics of this coupled system. At first, we show the existence of stationary
points of the activation–contraction dynamics and state their susceptibility towards perturba-
tions (stability). Second, we quantify the influence of intern model parameters on the force
output (sensitivity). We compare two activation dynamics (Zajac and Hatze) as well as dif-
ferent contraction modes concerning parameter sensitivity.Among various contraction modes,
we exhibit that isometric contractions, in which the muscle exerts force at constant length, are
highest influenced with respect to most muscle parameters. Additionally, our analysis allows
for an experimental design of specifically unsensitive parameters. Third, given experimental
force data, we recover the underlying neural signal by optimal control techniques.
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Effects of active muscle contraction on whiplash injury
Nisha Nandlal Sharma (The Sirindhorn International Thai-German Graduate School of En-
gineering, King Mongkut’s University of Technology North Bangkok,T), Julaluk Carmai (The
Sirindhorn International Thai-German Graduate School of Engineering, King Mongkut’s
University of Technology North Bangkok,T), Saiprasit Koetniyom (The Sirindhorn Interna-
tional Thai-German Graduate School of Engineering, King Mongkut’s University of Tech-
nology North Bangkok,T), Bernd Markert (RWTH Aachen University, Germany)
Nisha Nandlal Sharma1; Julaluk Carmai1;Saiprasit Koetniyom1; Bernd Markert2; 1Automo-
tive Safety and Assessment Engineering The Sirindhorn International Thai-German Graduate
School of Engineering, King Mongkut’s University of Technology North Bangkok,Thailand
2Institute of General Mechanics RWTH Aachen University, Germany
Whiplash injuries are mostly experienced in car accidents. The sudden forward and back-
ward head movement causes strain in the neck, resulting in cervical muscle damage or tendon
strains. Symptoms of whiplash are commonly reported in studies, neck pain and headaches
are the two most common symptoms observed. The whiplash injury mechanism is poorly
understood. Neck muscles are the most important factor to study the neck injury.
This study mainly aims at understanding the whiplash injury mechanism and the effect of
the muscle activation level to the occupant kinematics in rear impacts. To this end, 3D finite
element (FE) neck muscle models are developed. In the present study, hybrid neck muscle
models are based on a combination of solid tetrahedral elements and 1D beam elements. The
solid tetrahedral elements represent the passive part of the muscle, whereas the 1D beam ele-
ments represent the active part. To simulate the active behaviour of the muscle, the Hill-type
muscle model is applied to the beam elements. To simulate the non-linear passive proper-
ties of the muscles, solid elements are modelled as rubber/foam material. Some important
muscles are then inserted into the THUMS (Total Human Model for Safety) 50th percentile
male pedestrian model. THUMS is subjected to boundary conditions similar to experimental
tests. The model is exposed to 4g and 7g rear impacts, which are close to low speed impacts
causing whiplash. The effect of the muscle activation level on the occupant kinematics during
whiplash is analysed.
Keywords: whiplash injury mechanism, neck muscle, Muscle activation, THUMS, FEM.
[1]S. Hedenstierna, P. Halldin, and K. Brolin.: Evaluation of a combination of continuum and
truss finite elements in a model of passive and active muscle tissue. Computer Methods in
Biomechanics and Biomedical Engineering, 11(6):627-6, 2008.
[2]Shigeta, K., Kitagawa, Y. and Yasuki, T.: Development of Next Generation Human FE
Model Capable of Organ Injury Prediction.Enhanced Safety of Vehicles. 2: 11-20,2009.
[3]Masami Iwamoto, Yuko Nakahira.: A Preliminary Study to Investigate Muscular Effects for
Pedestrian Kinematics and Injuries Using Active THUMS. IRC-14-53 IRCOBI Conference
2014.
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A Two-Muscle, Three-Dimensional, Continuum-Mechanical, Forward-Dynamics Sim-
ulation of the Upper Limb
Oliver Röhrle (Universität Stuttgart), Michael Sprenger (Universität Stuttgart)
Modelling the mechanical behaviour of skeletal muscles within a musculoskeletal system
is typically done by describing the mechanics of a muscle-tendon-complex as a lumped-
parameter model within a multi-body modelling framework. Within such frameworks, the
predicted mechanical behaviour of a muscle-tendon-complex is described at discrete mass
points. The forces acting on the skeleton are determined through the muscle’s line of action,
often defined through a muscle’s point of insertion and origin. The biggest drawback of such
lumped-parameter models is the fact that spatial heterogeneities and contact between different
muscles or between muscles and bone cannot be modelled in a natural and straight-forward
way. Continuum-mechanical models on the other hand can predict (albeit with an increase in
computational costs) contact, like the contact that occurs between a muscle and a bone or its
surrounding tissue. Due to the increase in computational cost and the increase in modelling
complexity, only few researchers focus on inverse dynamics simulations, i.e., providing the
position of the skeleton and the level of activation of each muscle to determine the mechani-
cal load on the involved structures. No forward-dynamics simulation frameworks that appeal
to continuum-mechanical skeletal muscle models exist do far. The focus of this presentation
is on introducing novel methodologies to achieve forward-dynamics simulations of muscu-
loskeletal systems.
Within this work, all components are represented as volumetric objects. Due to the large de-
formations and the nonlinear material behaviour, all structures of the musculoskeletal system
are modelled using the theory of finite elasticity. The feasibility and the full potential of the
proposed forward-dynamics simulation strategies are demonstrated on a two-muscle, three-
dimensional, continuum-mechanical model of the upper limb. The model consists of three
bones, i.e., humerus, ulna and radius, a one-degree-of-freedom elbow joint, and an antago-
nistic muscle pair, i.e., the biceps and triceps brachii and takes into consideration the contact
between the skeletal muscles and the humerus. The bones are considered to be rigid. Each
muscle is further subdivided into contractible muscle tissue, a muscle-tendon transition zone
and tendinous zones. Numerical studies have shown that the proposed upper limb model is ca-
pable of predicting realistic moment arms and muscle forces for the entire range of activation
and motion. Within the limitations of the model, the presented simulations provide, for the
first time, insights into existing contact forces and their influence on the muscle fibre stretch
during motion. Moreover, applying these methodologies to time-dependent scenarios demon-
strate that the proposed methods can be linked to state-of-the-art control algorithms predicting
time-dependent muscle activation levels based on principles of forward dynamics.
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Three-dimensional reconstruction of M. gastrocnemius – taking a look at muscle con-
traction
Christine Weichert (Institute of Solid Mechanics, Technische Universität Braunschweig), Kay
Leichsenring (Institute of Solid Mechanics, Technische Universität Braunschweig), Michael
Ernst (Institute of Solid Mechanics, Technische Universität Braunschweig), Carolin Wick
(Institute of Sport Science, FSU Jena), Reinhard Blickhan (Institute of Sport Science, FSU
Jena), Markus Böl (Institute of Solid Mechanics, Technische Universität Braunschweig), To-
bias Siebert (Institute of Sport and Motion Science, University of Stuttgart)
There exist many different approaches investigating the contraction mechanisms of skeletal
muscles. Herein, the mechanical behavior such as force generation in association with kine-
matics and microstructure play an important role for modeling muscle behavior. The valida-
tion of muscle models requires on the one hand the geometric macrostructure, which is com-
posed of the aponeurosis-tendon-complex (ATC) and the muscle tissue, and on the other hand
the fascicle architecture, representing the microstructure of the muscle tissue. In this study
we observed the isolated M. gastrocnemius by using a three-dimensional optical measurement
system in combination with mechanical measurement techniques. Thus, we reconstructed the
surface deformation for specific force and length relations and specified the geometric dimen-
sions of the whole muscle-tendon-complex. Besides passive loading, the focus was set on the
active isometric muscle contraction including fatigue effects. The result from the surface de-
formation depicts a contrast between stretched muscle tissue and the ATC for passive loading.
However, for the M. gastrocnemius contraction the deformation shows a homogeneous strain
distribution and an increasing strain field on the superficial surface during muscle fatigue. To
consider the architecture inside the muscle tissue, the fascicle distribution was available in dig-
itized three-dimensional form for one muscle length. The available fascicle data show good
agreement with the surface of the optical measurement. All these results, together with M.
gastrocnemius fascicle architecture build up a geometric data set for the validation of muscle
models including fatigue phenomena.
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Using a multiplicative decomposition of the deformation gradient tensor to model active
skeletal muscle behaviour
Thomas Klotz (Universität Stuttgart), Thomas Heidlauf (Universität Stuttgart), Oliver Röhrle
(Universität Stuttgart)
Similar to all other materials, skeletal muscle tissue generates a force in response to an applied
deformation. However, in contrast to most other materials, muscle tissue can also actively con-
tract and generate work by converting chemically stored energy into mechanical energy. The
active force generation takes place at the sarcomeres, which are the basic contractile units of
striated muscles. There, myosin and actin filaments interact with each other via cross-bridges
(myosin heads). Within the sarcomere, the calcium concentration controls the cross-bridge
activity. If calcium is present, the myosin heads can attach to the actin filament to form
cross-bridges. Then, a conformational change of the cross-bridge pulls the myosin filament
relative to the actin filament (sliding filament theory). This is the force producing step known
as power-stoke. Eventually, the myosin heads detach from the actin filament and return to
their initial state. The repeated process of cross-bridge attachment, power-stroke, and detach-
ment is known as cross-bridge cycling. The cross-bridges transduce the energy obtained from
ATP hydrolysis into mechanical work and thus can be compared with enzymes (or a motor).
In the field of continuum biomechanics, there exist two approaches to model the active con-
tractile behaviour of skeletal muscles. One can either add an additional active stress to the
standard passive stress, or one can introduce a multiplicative decomposition of the deforma-
tion gradient tensor into an active and an elastic component. Based on the second approach,
this contribution proposes a continuum-mechanical model for active muscle behaviour. A
thermodynamic-consistent constitutive relation is derived from a general thermodynamical
framework and from assumptions that are directly based on biophysical considerations. The
resulting free-energy function contains only a single minimum and satisfies the convexity con-
dition. The model relates the macroscopic mechanical behaviour to biophysical processes at
the cellular level. The finite element method is used to solve the continuum-mechanical model.
The biophysical processes on the cellular level are represented by a cross-bridge dynamics
model.
305

09.03.2016 17:00 Christian Bleiler Schleinitzstrasse 22, Raum SN22.1
Multiscale modelling of skeletal muscle tissue incorporating effects from themicrostruc-
ture
Christian Bleiler (University of Stuttgart), Pedro Ponte Castañeda (University of Pennsylva-
nia), Oliver Röhrle (University of Stuttgart)
The macroscopic mechanical response of skeletal muscle tissue is mainly influenced by the
properties and arrangement of microstructural elements, such as, for example, sarcomeres and
connective tissue. Like for many biological materials, the mechanical properties of skeletal
muscle tissue can vary quite significantly between different specimen like, for example, dif-
ferent persons or muscle types. Current state-of-the-art continuum-mechanical muscle models
often lack the ability to take into account such variations in a natural way. Further, phenomeno-
logical constitutive laws face the challenge that appropriate material parameter sets need to be
found for each tissue variation.
Thus, the present work aims to identify the microstructural features and parameters, which
govern the overall mechanical response, to include them in a macroscopic material model by
applying suitable homogenisation methods. The motivation hereby is that the estimation of
material parameters for microstructures like, for example, collagen fibres can be done in a
more reliable and general way and that fluctuations between specimen are included by, for
example, adapting the alignment of the collagen fibres inside the muscle. Moreover, instead
of computationally expensive homogenisation methods like FE2, this work proceeds from
well-founded analytical homogenisation techniques in order to keep the model as simple as
possible.
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A model of actin-titin interactions provides stability on the descending limb of the force-
length relation in a multi-scale continuum-mechanical finite element model of skeletal
muscle
Thomas Heidlauf (Universität Stuttgart), Thomas Klotz (Universität Stuttgart), Oliver Röhrle
(Universität Stuttgart)
When plotting the total isometric force of a skeletal muscle versus its length, a decrease in
the force is observed with increasing muscle length, before the force increases again. This
decrease in the total muscle force can be explained by a reduced region of overlap between
the actin and myosin filaments and is only observed in isometric experiments. In contrast, if
the fully activated muscle is stretched from a length that corresponds to the descending limb
of the sarcomere’s force-length relation, the force does not decrease but increase. The differ-
ence between the force obtained after an active stretch and the isometric force at the same final
length is commonly termed force enhancement, and is often attributed to the titin filament. Al-
though this property is of utmost importance to obtain stability on the descending limb of the
force-length relation in finite element-based models, it is commonly ignored in current com-
putational models. This work presents a biophysically based continuum-mechanical model
of skeletal muscle that considers, in addition to actin-myosin interactions, force enhancement
based on actin-titin interactions. The titin model is derived from the half-sarcomere model of
Rode et al. [Rode, Siebert, and Blickhan: Titin-induced force enhancement and force depres-
sion: A ‘sticky-spring’ mechanism in muscle contractions?, Journal of Theoretical Biology,
2009]. This model assumes that during activation, titin attaches to actin, which results in a
significant reduction of titin’s free molecular spring length and therefore results in increased
titin forces during a subsequent stretch. The mechanical behaviour of titin is included on the
microscopic half-sarcomere level of a multi-scale chemo-electro-mechanical muscle model,
which is based on the classic sliding-filament and cross-bridge theories [Heidlauf and Röhrle:
A multiscale chemo-electro-mechanical skeletal muscle model to analyze muscle contraction
and force generation for different muscle fibre arrangements, Frontiers in Physiology, 2014].
Representative simulations of active stretches under maximal and submaximal activation lev-
els predict realistic magnitudes of force enhancement, i. e., forces obtained after stretch are
significantly higher than those expected by classic theories of muscle contraction. More-
over, by including the titin model in the chemo-electro-mechanical muscle model, stability is
achieved when the muscle works at a length range that corresponds to the descending limb of
the sarcomere’s force-length relation.
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On an electro-chemo-mechanical approach for modelling smooth muscle excitation in
bladder tissue
Robert Seydewitz (IFM TU Braunschweig), Markus Böl (IFM TU Braunschweig)
The main function of the urine bladder is the storage and release of urine into the environment.
During filling the amount of urine is increasing and high mechanical deformations occur un-
der harsh chemical environments. Depending on the species volume increase can reach values
many times over the initial size. The reason for this remarkable feature lies in the complex
micro structure of the urine bladder wall which maintains an almost constant pressure while
the volume is increasing. Disturbances in the bladder wall effect the correct functioning of
the urinary system by initiating dysfunctions during storage and excitation. Limited func-
tionality during the storage process is typically characterised by uncontrolled contractions of
the smooth muscle cells (SMCs), also referred as overactive bladder symptom. In order to
develop effective therapeutic treatments for dysfunctional urinary bladder, experimental and
theoretical investigations have been performed. From in vivo and in vitro experiments a strong
interrelation between the deformation of the bladder wall, the membrane potential and the in-
tracellular calcium concentration of the SMCs was detected. The inflow of calcium ions into
SMCs is controlled by voltage gated, stretch and pharmacological sensitive channels. During
the excitation process the intracellular calcium concentration is increasing and contraction in
the SMCs is initiated. Several mathematical models have been developed to obtain a more
detailed understanding about the different processes taking place at cell level. Assuming that
SMC contraction is mainly controlled by the intracellular calcium concentration the use of
membrane models allow to track the inflow of calcium ions into the cell. The aim of this work
is the development of a model to mimic the different pathways of SMC activation based on a
coupled electro-chemo-mechanical approach. The rise of the internal calcium concentration
results exclusively from the depolarisation of the membrane potential which is initiated either
by an external electrical or mechanical stimulus. Finally, the coupled problem is implemented
in a three-dimensional finite-element framework to consider anisotropic material behaviour of
the bladder tissue together with complex boundary conditions.
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Simulation of the Gelation Process of Hydrogel Droplets in 3D Bioprinting
Bei Zhou (RWTH Aachen University), Yousef Heider (RWTH Aachen University), Andreas
Blaeser (RWTH Aachen University Hospital), Stefan Raith (RWTH Aachen University Hos-
pital), Horst Fischer (RWTH Aachen University Hospital), Bernd Markert (RWTH Aachen
University)
Bioprinting in an emerging tissue engineering method that applies additive manufacturing
technology to generate three-dimensional tissue constructs. Cell-seeded hydrogels are printed
drop-by-drop and layer-by-layer in predefined 3D geometry models [1, 2]. In practical appli-
cation of the 3D bioprinter, it is observed that the curing process of hydrogel drops gravely
affects the printing process and the finally printed geometry. Therefore, optimisation of the 3D
bioprinting process by appropriately controlling the time- and temperature-dependent gelation
process of hydrogel droplets is a major challenge. The aim of this work is to simulate the gela-
tion of a crosslinking polymer, which is a very complex process involving chemical reactions
and phase transitions from a viscous fluid to a viscoelastic solid [3].
In this study, a phenomenological model is applied to simulate the gelation process of agarose
droplets, considering different mechanical and thermal boundary conditions. The numerical
model is implemented using the finite element program FlexPDE. The temperature- and time-
dependent gelation degree and the deformation of the droplets during the gelation process are
investigated. Finally, a qualitative comparison between numerical and experimental result is
presented to show the capability of the approach.
[1] Duarte Campos, D. F. and Blaeser, A. and Weber, M. and Jäkel,
J. and Neuss, S. and Jahnen-Dechent, W. and Fischer, H.: Three-
dimensional printing of stem cell-laden hydrogels submerged in
a hydrophobic high-density fluid, Vol. 5 of Biofabrication, pp.
015003 (2013).
[2] Blaeser, A. and Duarte Campos, D. F. and Puster, U. and Rich-
tering, W. and Stevens, M. M. and Fischer, H.: Controlling Shear
Stress in 3D Bioprinting is a Key Factor to Balance Printing Res-
olution and Stem Cell Integrity, Advanced Healthcare Materials,
in print, pp. 1–8 (2015).
[3] Ehlers, W. and Markert, B. and Acartürk, A.: Swelling Phenom-
ena in Electro-Chemically Active Hydrated Porous Media, Mul-
tiscale Methods in Computational Mechanics. Springer Nether-
lands, pp. 405–424 (2011).
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Micromechanical stiffness estimation of tissue engineering scaffolds composed of hy-
droxyapatite granules, considering bone regeneration
Stefan Scheiner (Vienna University of Technology, Vienna, Austria), Vladimir Komlev (Rus-
sian Academy of Sciences, Moscow, Russia), Alexey Gurin (Central Scientific Research In-
stitute of Dentistry and Maxillofacial Surgery, Moscow, Russia), Christian Hellmich (Vienna
University of Technology, Vienna, Austria)
Bone replacement materials have to fulfill various different requirements, including adequate
mechanical properties. Designing such materials with the just right stiffness occurs stan-
dardly through a (potentially inefficient and expensive) trial-and-error approach. Here, a
micromechanics-based modeling tool is presented, which may contribute to improving the
efficiency of the design of bone replacement materials. In particular, a three-step homog-
enization scheme is derived for a granular, hydroxyapatite-based scaffold material that has
been developed as bone replacement material in the human mandible. Notably, the homog-
enization scheme takes into account all significant morphological features observed on the
relevant observation scales: hydroxyapatite crystals are the main constituent of the material,
while nano-pores, micro-pores, and cracks „weaken“ the material. Furthermore, bone regener-
ation is considered, i.e. newly formed bone tissue may envelope the scaffold material, whereas
the model is also able to take into account scaffold resorption, as it occurs in its physiological
environment.
Numerical studies show, qualitatively, the adequacy of the model. Finally, a potential appli-
cation of the homogenization scheme is presented, highlighting how it could provide support
during the design process of a new bone replacement material. Through prescribing suitable
evolution laws that describe the development of the scaffold material composition after inser-
tion, the model allows for computing the corresponding stiffness evolutions. Additionally, the
elastic limit of the scaffold material can be predicted, providing valuable insights regarding
the onset of cracks that could potentially harm the material’s load-carrying capacity.
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An Examination of Tissue Engineered Scaffolds in a Bioreactor
Angela Niedermeyer (RWTH Aachen University), Bei Zhou (RWTH Aachen University), Mar-
cus Stoffel (RWTH Aachen University), Björn Rath (University Hospital RWTH Aachen),
Bernd Markert (RWTH Aachen University)
Articular cartilage defects exhibit a poor self-healing capacity and show deterioration when
not beeing treated. In recent years, tissue engineering has emerged as a promising method
for articular cartilage repair. Previous studies have shown that the application of mechanical
stimulation using a bioreactor results in functionally superior engineered tissue. Soft tissues,
designed to fill in articular cartilage defects, should exhibit the same strength and damping
properties as the native material. The aim of this study is to foster the understanding of the
evolution of the mechnical properties of tissue implants during the remodeling process and the
optimization of cultivation parameters of the in vitro generation of articular cartilage replace-
ments.
In this study, cellular implants seeded with human chondrocytes as well as acellular refer-
ence implants are investigated theoretically, numerically and experimentally. Custom de-
signed bioreactors are used to stimulate the specimens with dynamic loading over different
time periods. Subsequently, the specimens’ mechanical properties are determined in uncon-
fined relaxation tests. Furthermore, the above described experiment is simulated using the
finite element method (FEM) and a suitable viscoelastic material model for cartilage tissue
[1, 2]. To validate the simulation, the computational results are compared to the specimens’
histologic sections. Further experiments aim at analyzing the cartilage remodeling process
taking cell migration into acellular implants into account.
[1] Stoffel, M., Weichert, D., Müller-Rath, R.: Modeling of articular
replacement materials, Archives of Mechanics, 61(1), pp. 69–87
(2009).
[2] Azarnoosh, M., Stoffel, M., Markert, B.: Anisotropic viscohy-
perelastic behaviour of intervertebral discs: Modelling and ex-
perimental validation, Proceedings in Applied Mathematics and
Mechanics, (PAMM) 14, pp. 91–92 (2014).
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Modeling residual stresses in arterial walls based on anisotropic growth
Anna Zahn (TU Dresden), Daniel Balzani (TU Dresden)
Arterial tissue is exposed to high loadings which can show distinct changes over long time
periods, e. g. due to diseases like hypertension. In order to be able to resist such changes, the
living tissue adapts to its mechanobiological environment in terms of growth and remodeling
processes which result in residual stresses under externally load-free conditions. These resid-
ual stresses are associated with a reduction of the stress magnitude in loaded states and need
thus to be included in numerical simulations, cf. [1], [2]. For the modeling of biological tis-
sues in the field of biomechanics, constitutive equations are used that are suitable to describe
the anisotropic material behavior which is a consequence of embedding fibers into an isotropic
matrix material. Concerning growth and remodeling processes, a reorientation of fiber direc-
tions and the addition of supplementary material, manifesting in increasing wall thicknesses,
can be considered to allow for an optimized load bearing behavior, for example in the case of
elevated blood pressure. With the aim of finally modeling both effects, an anisotropic growth
model based on the multiplicative decomposition of the deformation gradient into a growth
tensor and a remaining elastic part is developed in a first step. The growth tensor is charac-
terized by suitable evolution equations formulated in terms of either strain or stress quantities.
Different approaches in this context describing anisotropic growth of soft biological tissues
have been published, e. g. in [3] or [4]. In existing publications, the authors include isotropic
strain- or stress-based quantities as driving force, although the growth mechanism takes into
account the anisotropy of the material induced by the fibrous composition. Therefore, here, we
include a modified driving force which is formulated in terms of the Mandel stress projected
in fiber direction. Based thereon, suitable evolution equations for the growth tensor are con-
structed. An algorithmic treatment of the model for its implementation into a finite-element
program is derived and numerical examples on an idealized artery are presented.
References
[1] D. BALZANI, J. SCHRÖDER, D. GROSS (2006): “Simulation of discontinuous damage
incorporating residual stresses in circumferentially overstretched atherosclerotic arteries”.
Acta Biomaterialia 2, pp. 609–618.
[2] J. SCHRÖDER, S. BRINKHUES (2014): “A novel scheme for the approximation of residual
stresses in arterial walls”. Archive of Applied Mechanics 84 (6), pp. 881–898.
[3] S. GÖKTEPE, O. J. ABILEZ, E. KUHL (2010): “A generic approach towards finite growth
with examples of athlete’s heart, cardiac dilation, and cardiac wall thickening”. Journal of
the Mechanics and Physics of Solids 58 (10), pp. 1661–1680.
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10.03.2016 13:50 Navina Waschinsky Schleinitzstrasse 22, Raum SN22.1
On aMultiscale andMulticonstituent Model for the Description of Growth in Biological
Tissue using the Example of the Human Liver
Navina Waschinsky (TU Dortmund University), Tim Ricken (TU Dortmund University),
Daniel Werner (TU Dortmund University), Hermann-Georg Holzhütter (Charité Berlin),
Matthias König (Charité Berlin), Uta Dahmen (University Clinic of Jena), Olaf Dirsch (Uni-
versity Clinic of Jena)
The human liver regulates metabolism in a complex time depending and non-linear coupled
function-perfusion-mechanism. The viability of the organ could be affected by a failure in the
liver structure. A common damage is the accumulation of fat in the tissue (fatty liver).
In previous publications a computational model with a multiconstituent as well as multiscale
approach to simulate important functionalities which are directly coupled with the blood per-
fusion is presented, see [2, 3]. Now, the growth in the liver tissue and its influence on the
metabolism is examined. Furthermore, the development of the fatty liver disease which oc-
curs of lipid inclusions and growing cells is presented.
The main functions of the liver take place at the smallest cells of the liver, the hepatocytes,
which are embedded in the liver lobules. Nutrient, oxygen and other substances are trans-
ported with an anisotropic blood flow via a delicate system of capillaries, so called sinusoids.
The inner structure of the lobule is highly complex due to the inhomogeneous distribution of
the sinusoidal network and the complex arrangement of the hepatocytes. For a homogeniza-
tion of the complex geometry we use a multiconstituent mixture theory based on the Theory
of Porous Media (TPM), see [1].
The model considers a three-phasic component body: a porous solid structure ϕS, fat tissue
which is capable of growth ϕFL and a fluid ϕL. Each phase consists of a carrier phase ϕα ,
namely a solvent, and miscible microscopic components ϕαβ , called solutes. The solutes
are the relevant nutrients included in the carrier phase which regulate the metabolism. The
metabolism is calculated with an embedded set of ordinary differential equations (ODE) which
describes the production, utilization and storage of the metabolites, fatty acid and lipids.
References
[1] DE BOER, Reint. Theory of porous media: highlights in historical development and cur-
rent state. Springer Science & Business Media, 2012.
[2] RICKEN, T., et al. Modeling function perfusion behavior in liver lobules including tissue,
blood, glucose, lactate and glycogen by use of a coupled two-scale PDE-ODE approach.
Biomechanics and modeling in mechanobiology, 2015, 14. Jg., Nr. 3, S. 515-536.
[3] RICKEN, Tim; DAHMEN, Uta; DIRSCH, Olaf. A biphasic model for sinusoidal liver per-
fusion remodeling after outflow obstruction. Biomechanics and modeling in mechanobi-
ology, 2010, 9. Jg., Nr. 4, S. 435-450.
321

10.03.2016 14:10 Helen Liedtke Schleinitzstrasse 22, Raum SN22.1
Computational simulation of bone remodelling post reverse total shoulder arthroplasty
Helen Liedtke (University of Cape Town), Andrew McBride (University of Cape Town), B
Daya Reddy (University of Cape Town), Sudesh Sivarasu (University of Cape Town), Stephen
Roche (University of Cape Town)
Bone is a living material, which adapts to the loading environment by changing its material
properties and geometry, through changes in apparent density and trabeculae architecture, to
optimise its structure. Orthopaedic devices change the loading environment on the bones
and rely on bone ingrowth to ensure secure implant fixation. The focus of this project is to
investigate the reverse shoulder procedure, which is used for rotary cuff deficient patients. In
this procedure up to 75 % complications are reported in some clinical series [1]. It is therefore
necessary for the design of implants to understand the loading environment to enhance bone
growth.
There are many design parameters to consider to minimise the aforementioned complications.
The focus of this work will be on the fixation screws. The make, length, orientation and posi-
tion are the different variables to consider. The aim of this project is to develop a finite element
model that captures the adaptive bone remodelling process post reverse shoulder procedure.
Three-dimensional geometries were obtained from collaborators in the Orthopaedics Depart-
ment (UCT). The MRI data was then processed to a CAD model and a virtual surgery was
performed. The geometry is meshed and a finite element algorithm for the resulting non-
linear problem implemented. Bone is modelled in a continuum open system thermodynamic
framework following the approach of Kuhl et al [2]. It is modelled as a neo-Hookean material.
The density evolution is governed by a mass source which depends on the density weighted
difference between the current free energy and the attractor state stimulus. In turn the free
energy is weighted by the density.
This open system thermodynamics framework has been successfully implemented in the con-
text of bone remodelling [2]. Several benchmark problems have been implemented. Details of
the fully-coupled problem of a patient specific geometry and realistic loading conditions will
be presented.
References
[1] Hsu, SH Greiwe, RM Saifi, C Ahmad, BS Ahmad, CS Reverse total shoulder
arthroplasty-biomechanics and rationale. Operative Techniques in Orthopaedics, Vol.
21, 2011, pp. 52-59.
[2] Kuhl, E Steinmann, P Theory and numerics of geometrically non-linear open system
mechancis. International Journal for Numerical Methods in Engineering, Vol. 58, No.
11, 2003, pp. 1593-1615.
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Continuum Modelling of Skin Accounting for Chronological and UV-induced Ageing
Damien Pond (University of Cape Town), Andrew McBride (University of Cape Town),
Georges Limbert (University of Southampton), Lester Davids (University of Cape Town),
Daya Reddy (University of Cape Town)
Chronological ageing of skin is characterised by a breakdown of tissue function and mechan-
ical properties, the effects of which are compounded by environmental factors. The process
whereby the skin undergoes physiological change due to UV exposure is termed photoageing.
Due to the skins highly anisotropic and nonlinear response, and its multiple layers, predic-
tive computational models are inherently complex. Accounting for ageing only enhances such
complexity.
A lot is still not understood of the micro-structural processes involved in ageing and their
link to the macroscopic change in skin physiology and mechanical properties. The main con-
stituents involved in conferring mechanical properties to the skin are that of collagen and
elastin, thus research into how these evolve through ageing was essential to developing a con-
vincing model.
This project aims to link the microscopic structure and processes involved in chronological and
UV ageing to the overall mechanical response. The framework of non-linear continuum me-
chanics is adopted, whereby the skin is modelled as a non-linear, inhomogeneous, anisotropic,
hyperelastic material. A worm-like chain model is used to account for the collagen fibres [1].
Benchmark tests were developed to validate the proposed model and various age-related pa-
rameter sensitivities were tested. The ageing model was tested by modifying the continuum
model parameters to replicate the skin response at various ages.
An open system thermodynamical framework ([2, 1]) was then implemented to capture the
ageing response of the various micro-structural constituents. Through these approaches, a
model for skin ageing could be established, whereby the underlying skin micro-structure could
be continuously evolved and linked to the macroscopic response.
References
[1] Kuhl E, Menzel A, Steinmann P.(2003) Computational modeling of growth - A critical
review,a classification of concepts and two new consistent approaches. Computational
Mechanics. 2003;32:71-88.
[2] Sáez P., Peña E., Tarbell J. M., Martìnez M. A. (2015) Computational model of colla-
genturnover in carotid arteries during hypertension. International Journal for Numerical
Methodsin Biomedical Engineering.
[3] Tepole A.E, Gosain A.K, Kuhl E. (2012) Stretching skin: The physiological limit and
beyond.International Journal of Non-Linear Mechanics 47 938-949.
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10.03.2016 14:50 Jinghu Liang Schleinitzstrasse 22, Raum SN22.1
Computational and experimental analysis of wound healing processes
Jinghu Liang (Braunschweig University of Technology), Antonio Bolea Albero (Braun-
schweig University of Technology), Jendrik Füller (Braunschweig University of Technology),
Christel Müller-Goymann (Braunschweig University of Technology), Markus Böl (Braun-
schweig University of Technology)
Abstract. During wound healing in epidermis the missing cells of the damaged tissue are
replaced by new cells. This process depends on biomechanical and biochemical factors. By
understanding the effects of these factors in the process, the treatment of wounds can be
improved and optimised. Although experimentation with human cells in this field is well
developed, the use of a computational model for predicting results is a useful tool which
saves not only time but also costs by reducing the number of specimens to be tested. Further,
wound healing consists into two main mechanisms: proliferation and remodelling. During
proliferation, new cells are created by cell-division and located in the wounded area. Here,
cells migrate from areas with a high cell density to areas with a lower density. Once the
wound is sealed, a critical density value is reached and cell-division will be inhibited. In the
remodelling process, cell characteristics change due to several biochemical processes.
We aim to develop a model for describing wound healing processes by using the information
obtained from in vitro experiments. First, experiments for the determination of the mathe-
matical relation between cell density and cell proliferation are performed. Second, in order to
validate the results, in vitro wounds are generated by scratching the surface of cell cultures in
plates and simulated by using a two-dimensional continuum modelling approach. To finish,
the wound kinetics characterised in the previous experiments are used for the implementation
of a three-dimensional continuum model.
The continuum model focuses on the volume growth process during proliferation and the
changes in the cell characteristics during remodelling. Based on the experimental results,
the growth direction in proliferation changes depending on the stress field. Further, growth
rate will change depending on the hydrostatic pressure. Changes in cell characteristics will
be considered in the remodelling process by changing the material and growth behaviour.
Finite element simulations are shown and compared with experiments in order to discuss the
validation of growth models.
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10.03.2016 15:10 Johannes Dittmann Schleinitzstrasse 22, Raum SN22.1
Experimental based material parameter identification of oocytes
Johannes Dittmann (TU Braunschweig), Dagmar Töpfer (Tierärztliche Hochschule Han-
nover), Markus Böl (TU Braunschweig)
In comparison to other eukaryotic cells inside the body, oocytes are characterised by a relative
high diameter of about 140 µm allowing a straightforward micromechanical testing to study
their mechanical properties. The mechanical behaviour of oocytes is highly non-linear, time-
dependent and features pronounced hysteresis curves.
The structure of oocytes is dominated by the so-called zona pellucida, a thick glycoprotein
layer, surrounding the interior of the oocyte, the ooplasm. In contrast to other cells, where
the load is mainly carried by inner cell structures and less by the outermost cell membrane, in
case of oocytes a huge amount of external loads is carried by the zona pellucida. Especially
with respect to polyspermy, the zona pellucida plays a central role as it changes its mechanical
behaviour after penetration of the sperm and thus, changes the mechanical characteristics of
the whole cell.
Aim of this work is the determination of the mechanical properties of oocytes. Therefore, a
micromechanical experimental setup has been developed and installed under a microscope.
Beside the determination of the force-strain relation during loading, the deformation of the
oocytes has been recorded optically. Both, the stress-strain curves and the optical record-
ings build the bases for a proper parameter identification technique base on the inverse finite
element method.
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10.03.2016 17:00 Agnes Beckmann Schleinitzstrasse 22, Raum SN22.1
Development and experimental validation of a patient-specific lumbar spine FE model
to predict the effect of instrumentations
Agnes Beckmann (RWTH), Marion Mundt (RWTH), Christian Herren (RWTH), Jan Siewe
(UK-Köln), Phillip Kobbe (RWTH), Rolf Sobottke (MC-AC), Marcus Stoffel (RWTH), Bernd
Markert (RWTH)
Biomechanical in vitro tests using pure moment loading are state of the art methods to evaluate
new devices for spinal surgery preclinically. However, in clinical situations only MRI and CT
data of patients can be assessed. The effect of certain implants regarding the pathology and
geometry of the patient’s spine can be predicted with FE simulations. These simulated results
can support surgeons to choose an operation method or instrumentation device. For this aim
biomechanical cadaver experiments were conducted and a FE model was developed using CT
data of the tested specimen.
A spine test rig was designed and developed to test L2-L5 lumbar spine segments in a closed
chamber at body temperature and damp air with implanted electromagnetic tracking receivers
to record vertebral motion. Pure moments in flexion/extension, lateral bending and axial rota-
tion direction were applied on the cranial segment. An articulated arm consisting of a universal
joint shaft, which is connected to an extendable ball spine, was used to apply the load. The
ball spline was actuated via rack and pinion by a hydraulic testing machine.
A 3D FE model based on CT data of the specimen was created using Avizo Fire segmentation
software, Hypermesh meshing software and Abaqus solver and postprocessor. The influence
of different material models for the vertebrae, intervertebral discs and the ligaments were com-
pared. Material parameters were taken from the related literature [1,2]. Some material param-
eters were adjusted to reach best validation results. As validation criteria the angular displace-
ment, range of motion and center of rotation of the bony vertebrae were used.Instrumentation
devices were included in the validated FE model. Experimental results of the instrumentated
spine were then compared to the simulated results.
[1] Dreischarf, M., Zander, T., Shirazi-Adl, A., Puttlitz, CM., Adam,
CJ., Chen, CS., Goel, VK., Kiapour, A., Kim, YH., Labus, KM.,
Little, JP., Park, WM., Wang, YH., Wilke, HJ., Rohlmann, A.,
Schmidt, H:Comparison of eight published static finite element
models of the intact lumbar spine: Predictive power of models
improves when combined together, Vol. 47 of Journal of Biome-
chanics (2014).
[2] Momeni Shahraki, N., Fatemi, A,. Goel, VK,. Agarwal, A,: On
the use of biaxial properties in modeling annulus as a Holzapfler-
Gasser-Ogden material, Vol. 3 of Frontiers in Bioengeneering
and Biotechnology (2015).
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10.03.2016 17:20 Marian Moldenhauer Schleinitzstrasse 22, Raum SN22.1
Optimal Hip Imlant Positioning
Marian Moldenhauer (ZIB)
In an aging society where the number of joint replacements rise, it is important to also increase
the longevity of implants. In particular hip implants have a life-time of at most 15 years. This
derives primarily from pain due to migration, wear, inflammation, and dislocation, which is
affected by the positioning of the implant during the surgery. Current joint replacement prac-
tice uses 2D software tools and the experience of surgeons. Especially the 2D tools fail to
take the patients natural range of motion as well as stress distribution in the joint induced by
different daily motions into account. Optimizing the hip joint implant position for all possible
parametrized motions under the constraint of a dynamic contact problem is prohibitively ex-
pensive as there are too many motions and every position change demands a recalculation of
the contact problem. For the reduction of the computational effort, we use adaptive refinement
on the parameter domain. A coarse initial grid is to be locally refined using goal-oriented error
estimation. This approach will be combined with multi-grid optimization such that numerical
errors are reduced.
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10.03.2016 17:40 Jonathan Youett Schleinitzstrasse 22, Raum SN22.1
A heterogeneous finite element joint model to support orthopaedic hip surgery planning.
Ralf Kornhuber (Freie Universität Berlin), Oliver Sander (Technische Universität Dresden),
Jonathan Youett (Freie Universität Berlin), Stefan Zachow (Zuse Institute Berlin)
In this talk we present a dynamic heterogeneous finite element hip joint model and propose
first applications of this toolbox in virtual medicine. The geometric model comprises the
proximal femur and pelvis and the three main ligaments. The bones are modelled as geomet-
rically exact St.Venant–Kirchhoff materials. Between the femoral head and the acetabulum
dynamic large deformation contact is imposed. The ligaments are represented by quasi-static
one-dimensional Cosserat rods which support bending and shearing as well as stretching and
torsion. Furthermore, we enforce non-penetration of the ligaments and bones. The heteroge-
neous coupling of the lower dimensional Cosserat ligaments and the 3D bone continua leads
to non-standard transmission conditions at the insertion sites.
For the discretisation of the continua we apply a contact-stabilised midpoint rule and the
dual mortar finite element method while the manifold-valued Cosserat rods are discretised
by geodesic finite elements. The resulting sub-problems turn out to be non-linear non-convex
constrained minimisation problems which are solved using a novel inexact filter-trust-region
method. The discrete heterogeneous problem is solved by a Dirichlet–Neumann algorithm,
leading to decoupled large deformation contact problems for the bones and Dirichlet con-
strained obstacle problems for the ligaments.
As a first application of this model we present a computational framework towards a patient-
specific range of motion analysis of the human hip joint and compare this approach to state-
of-the-art models.
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Theoretical and experimental investigation of bone fracture in the human proximal fe-
mur
Angelina Hülsmann (RWTH Aachen University), Marcus Stoffel (RWTH Aachen University),
Matthias Knobe (University of Aachen Medical Center), Bernd Markert (RWTH Aachen Uni-
versity)
The incidence of proximal femur fractures increases with age, and even though, there are vari-
ous modifications and improvements in implant design and operating techniques, the treatment
still represents a medical challenge. The main problem of implant failure is the cutout or cut-
through of the lag screw, which results in a cranial or axial migration of the screw and can
lead to destruction of the acetabulum [1]. Therefore, the understanding of crack initiation and
propagation in the proximal femur is of great interest. In the past, many biomechanical studies
have been conducted to investigate the failure load and the kind of failure for different types
of implants [1–3]. However, most of them were investigations with uniaxial loading. In the
present work, a mechanical testing system should be developed to study dynamical loadings,
which is more closely to the physiological conditions. Furthermore, a numerical model is
proposed, which can predict the failure load and the crack propagation in the human prox-
imal femur. By comparing the experimental results and the numerical simulations material
parameters can be identified and the model can be validated.
References
[1] Knobe et al., Rotationally Stable Screw-Anchor Versus Sliding Hip Screw Plate Systems
in Stable Trochanteric Femur Fractures: A Biomechanical Evaluation, J Orthop Trauma
27 (2013) 127–136.
[2] Bong et al., Comparison of a Sliding Hip Screw with a Trochanteric Lateral Support Plate
to an Intramedullary Hip Screw for Fixation of Unstable Intertrochanteric Hip Fractures:A
Cadaver Study, J Trauma 56 (2004) 791-794.
[3] E. Strauss, J. Frank, J. Lee, F.J. Kummer, N. Tejwnani, Helical blade versus sliding hip
screw for treatment of unstable intertrochanteric hip fractures: a biomechanical evalua-
tion, Injury 37 (2006) 984-989.
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Patient–specific biomechanical simulations of a fractured tibia treated with an in-
tramedullary nail
Michael Roland (Saarland University), Thorsten Tjardes (Cologne Merheim Medical Cen-
ter), Bertil Bouillon (Cologne Merheim Medical Center), Stefan Diebels (Saarland Univer-
sity)
A patient–specific model of a fractured tibia treated with an intramedullary nail is generated
from a tomogram using an fully automated workflow. Therefore, the routinely acquired to-
mographic data is segmented semi–automatically and the material parameters are assigned
with respect to image information given in Hounsfield units. Because of the high computa-
tional costs of the finite element simulations, adaptive meshes based on the concept of hanging
nodes are generated and analysed.
In the first simulations, an elastic–plastic material model is used to compute the critical stresses
and strains which are leading to a failure of the intramedullary nail. These results will be
compared with the stresses and strains which are arise during a normal step forward of the
considered patient. To achieve realistic boundary conditions for the finite element simulations
of the step forward, a new fully integrated sensor insole is used to get the patient–specific
ground reaction forces during gait. Then in a second step, the ground reaction forces are
integrated in the OpenSim environment to receive the knee forces and the knee moments of
the patient during gait. The results of the OpenSim simulations combined with the ground
reaction forces achieved from the insole allow the computation of the stresses and strains in
the cortical and the trabecullar bone as well as in the intramedullary nail during a step forward
of the patient.
In a third step, the results of these simulations can be compared with the critical stresses
and strains from the computations of the implant failure. These considerations provide the
orthopaedic trauma surgeons with more information about the biomechanical behaviour of
patient–specific bone–implant–systems and can be used to support the surgeons in the selec-
tion and the planning of implants. The results of these simulations can also be used as starting
point for several optimization processes, e.g. the fusion in the case of a non–union tibia frac-
ture.
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10.03.2016 18:40 Milad Shahbaz Schleinitzstrasse 22, Raum SN22.1
Microscale modeling of crack propagation in dental composite materials
Milad Shahbaz (Instituts für Kontinuumsmechanik), Peter Wriggers (Instituts für Kontinu-
umsmechanik)
Dental composite materials consisting of organic polymer resin matrices and inorganic nanofillers
have been utilized in dentistry more than 40 years. Due to better aesthetic properties, less re-
quired drilling of teeth, less safety concerns and biocompatible behaviors, dental composites
at the current days are usually more attractive for patients compared to traditional dental gold
and amalgam. However there are still some concerns in durability of dental composites which
are related to mechanical behavior of them.It is believed that mechanical properties of these
composites depend strongly on the interfacial characteristics of the reinforcing phase and the
matrix. In addition, crack propagation in the matrix of the composite along the particle-matrix
interface can be observed. This phenomenon can be seen on the available SEM images of
fracture surfaces of dental nanocomposites which show a lumpy appearance due to interface
fracture around particles without particle fracture.In order to better investigation of failure
mechanism in dental composites, micro-scale modeling and analysis of the microstructure,
FEM method has been utilized. In this regard, a representative volume element including ran-
dom dispersion of particles in matrix is generated. Cohesive interface elements with mixed-
mode behavior and bilinear traction-separation law for initiation and evolution of damage are
inserted at all interelement boundaries and material interfaces with specific algorithm. Mod-
eling the complex fracture mechanisms such as crack coalescence and crack branching is the
advantage of this approach. The simulation results reveal clearly the process of damage in
tension and shear loadings in which the microcracks initiate at the pole of particle-matrix
interfaces and propagate along the matrix to produce macrocrack. Then effects of particle-
matrix interfacial properties on the damage behavior of the material are investigated. Mesh
dependency of results in crack path is also shown for one simple example. Moreover, effect
of anisotropic filler incorporation to stop the crack growth in dental composite materials is
analyzed.
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11.03.2016 08:30 Alexander Ehret Schleinitzstrasse 22, Raum SN22.1
Measures of segment stretch in continuum models of fibre networks
Alexander Ehret (Empa. Swiss Federal Laboratories for Materials Science and Technology),
Manuel Zündel (ETH Zurich), Kevin Bircher (ETH Zurich), Edoardo Mazza (ETH Zurich)
Fibre networks of various length-scale form the backbone of many soft, both man-made and
biological materials. The characteristics of fibres, their cross-links as well as their distribu-
tions in terms of orientation and location are key factors determining forces and kinematics
in the network, and are thus governing the mechanical behaviour of the material. When the
material deforms, fibre segments between cross-links reorient and stretch. Continuum models
that account for the network structure of such materials employ assumptions of fibre kinemat-
ics based on the macroscopic deformation. For example, an affine mapping, so that end-to-end
vectors of fibre segments transform like line elements of the homogenized material, is most
often employed in structural models [1,2]. Average stretch models, see e.g. [3], offer a differ-
ent approach suggesting that all fibres experience the same average stretch. Both assumptions
lead to distinct distributions of the segment stretches in the network.This distribution has an
essential meaning since it directly relates to the energy that is stored in an elastic network. Mo-
tivated by this, in the present contribution the distribution of segment stretch square in planar
fibre networks is investigated by means of two conceptionally different, finite element based
discrete network models, tailored to represent collagen [4] and electrospun polymer networks,
respectively. The influence of mechanical fibre properties such as compressive behaviour and
non-linearity, is studied, and the corresponding segment stretch distributions are compared to
the fingerprints provided by different continuum models.
References
[1] Lanir Y (1979) A structural theory for the homogeneous biaxial stress-strain relationships
in flat collagenous tissues. J Biomech 12:423-436
[2] Sacks MS, Sun W (2003) Multiaxial mechanical behavior of biological materials. Annu
Rev Biomed Eng 5:251-284
[3] Ehret AE, Ogden RW, Mazza E (2014) Non-affine strain measures for continuum models
of network materials. PAMM 14:435-436
[4] Mauri A, Hopf R, Ehret AE, Picu CR, Mazza E (2015) J Mech Behav Biomed Mater, in
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11.03.2016 08:50 Kevin Linka Schleinitzstrasse 22, Raum SN22.1
Fatigue damage modeling of fibrous soft tissues
Kevin Linka (RWTH Aachen University), Mikhail Itskov (RWTH Aachen University)
Ultimate tendon failure is often caused by fatigue loading. Recent interventions revealed a
three-phase progression of histological changes during cyclic loading of the tendon. It starts
from localized kinked fiber deformations at low damage, continues with additional fiber de-
laminations at a moderate damage level and finally leads to fiber angulations and discontinu-
ities at a high damage level [1, 2].
In the present contribution, we propose a physically motivated constitutive model able to de-
scribe fatigue evolution in tendon subject to cyclic loading. The damage of the collagen fibers
is elucidated by a successive permanent opening of tropocollagen molecules [3], which rep-
resent the basic building blocks of collagen fibrils. The fibril strain increase is triggered by
a time-force depending rupture of glycosaminoglycan sidechains of adjacent collagen fibrils.
The so obtained model is in line with recent experimental findings available in literature.
References
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and E. Flatow, Early response to tendon fatigue damage accumulation in a novel in vivo
model. Journal of Biomechanics. 43 (2010), 274-297.
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tural response of healing Achilles tendon to fatigue loading following acute injury. Journal
of Biomechanics. 47 (2014), 2028-2034.
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Cross-linked actin networks: Micro- and macroscopic effects
Sandra Klinge (TU Dortmund University, Dortmund, Germany), Serhat Aygün (TU Dort-
mund University, Dortmund, Germany), Gerhard A. Holzapfel (Graz University of Technol-
ogy, Graz, Austria)
Actin plays a crucial role for the mechanical properties of cell. Together with other proteins,
it also drives protrusion, motility and cell division. It is a semi-flexible polymer, i.e. the
chains are flexible enough to exhibit considerable thermal bending. The current presentation
considers two important aspects of the mechanical modeling of this kind of protein: its micro-
scopic and macroscopic behavior. At the microscopic level, we start with the Holzapfel-Ogden
model [1] providing a relationship between the stretch of a single polymer chain and applied
tension force. This relationship includes the influence of the physical length of a single chain,
its end-to-end distance and the stretch modulus. The model is advantageous as it simulates
the so-called “exceptional normal stresses”. This effect is typical of biopolymers and con-
tradicts the Poynting effect observed by rubber-like polymers. The multiscale finite element
method [2] is applied to simulate the effective behavior of cell cytoplasm. This method has
been intensively used because it is suitable for simulating nonlinear heterogeneous materials
with the zero-ratio of the characteristic lengths of scales. The presentation includes results
of the macroscopic simulations for different cases of the microstructure. In one case, it is
assumed that cytoplasm solely consists of a fine actin-network. In a second case, the cytosol
is implemented as an additional phase.
[1] M.J. Unterberger, K.M. Schmoller, A.R. Bausch and G.A. Holzapfel, A new approach
to model cross-linked actin networks: Multi-scale continuum formulation and computational
analysis, J. Mech. Behav. Biomed. Mater., 2013; 22:95—114
[2] S. Klinge and K. Hackl, Application of the multiscale FEM to the modeling of nonlinear
composites with a random microstructure, Int. J. Multiscale Comp. Eng., 2012; 10:213–227
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08.03.2016 08:30 Nicolas Stein Pockelsstrasse 2, Raum PK2.2
A coupled stress and energy failure model for crack initiation in arbitrarily shaped
adhesive lap joints
Nicolas Stein (TU Darmstadt), Philipp Weißgraeber (TU Darmstadt), Wilfried Becker (TU
Darmstadt)
For a reliable use of adhesively bonded joints in engineering structures a solid understanding
of the mechanical behaviour and of the underlying failure processes is required. Especially in
early design stages efficient analysis methods that allow for a quick evaluation of the effec-
tive joint strength are necessary. In this work, a general failure model for adhesively bonded
lap joints of arbitrary joint configuration is presented. The load transfer in the adhesive joint
is modeled by a general sandwich-type model for the stresses in adhesively bonded joints
with shear flexible adherends proposed by Weißgraeber et al. [1]. The model allows for the
application to several adhesive joint designs, as e.g. single lap joint, L-joint, peel joint or rein-
forcement patches. As a failure criterion the coupled stress and energy criterion proposed by
Leguillon [2] in the framework of Finite Fracture Mechanics is applied. The criterion requires
only two basic failure parameters: the strength and the fracture toughness. The fundamental
idea of the coupled criterion is the instantaneous formation of cracks of finite size if a stress
and an energy criterion are fulfilled simultaneously. In former studies this approach has proven
successful for the modeling of crack onset in adhesive single lap joints [3]. For the determi-
nation of the unknown crack initiation loads different solution procedures for the governing
equations are presented and discussed in detail. Moreover, a dimensionless brittleness number
is introduced in order to identify the limits of the proposed failure model. In an extensive
study, the predicted failure loads of several joint designs are compared to experimental results
from literature. For the joint configurations without available experimental data a numerical
analysis using Cohesive Zone Models in a Finite Element analysis is considered for compari-
son. It is shown that a good agreement is obtained and the influence of geometric parameters
on the joint strength are rendered correctly for all considered joint designs.
References
[1] P. Weißgraeber, N. Stein and W. Becker. A general sandwich-type model for adhesive
joints with composite adherends.International Journal of Adhesion and Adhesives, 55:56–
63, 2014.
[2] D. Leguillon. Strength or toughness? A criterion for crack onset at a notch. European
Journal of Mechanics- A/Solids, 21(1):61-72, 2002.
[3] P. Weißgraeber and W. Becker. Finite fracture mechanics model for mixed mode fracture
in adhesive joints. International Journal of Solids and Structures, 50:2383–2394, 2013.
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08.03.2016 08:50 Philipp Rosendahl Pockelsstrasse 2, Raum PK2.2
Assessment of asymmetric crack initiation in open-hole plates using a coupled stress
and energy criterion
Philipp Rosendahl (TU Darmstadt), Philipp Weißgraeber (TU Darmstadt), Nicolas Stein (TU
Darmstadt), Wilfried Becker (TU Darmstadt)
Stress raisers such as open-holes or rounded notches impose difficulties on the assessment of
a structure’s load bearing capacity. Classical concepts such as material strength or the Griffith
criterion require a non-physical length parameter for successful application. In order to render
size effects, i.e. an increased loading capacity for reduced structure size, a pure stress criterion
needs to be evaluated at a certain distance from the stress raiser. For the application of classical
fracture mechanics, an existing precrack of finite length needs to be assumed.
Leguillon [1] proposed to demand the simultaneous satisfaction of both, a stress and an en-
ergy criterion, in order to allow the instantaneous formation of cracks of finite lengths. The
coupled criterion eliminates the need for an empirical length parameter. It requires only the
two fundamental material parameters strength and fracture toughness in order to determine
the unknown failure load and the corresponding finite crack length. Its application in order to
assess crack initiation at open-hole plates [2, 3] has been proven to be successful. Thus far,
the analyses were limited to symmetric cases such as uniaxial tensile loading.
The present work extends the scope of finite fracture mechanics by applying the coupled cri-
terion to open-hole plates under combined tensile and bending loading. Asymmetric crack
patterns are expected. A finite element model is used in order to calculate the required stress
and energy quantities. Using an efficient modeling approach, the number of free parame-
ters for the parametric finite element study is reduced significantly such that a comprehensive
analysis of the structural situation is possible. The coupled criterion proves capable to provide
initially unknown asymmetric crack initiation patterns. The obtained failure loads agree well
with experimental results. Additionally, a cohesive zone model is used for a thorough evalu-
ation of the coupled criterion. For a wide range of parameters good agreements concerning
failure loads and crack patterns between the two modeling approaches are obtained.
References
[1] D. Leguillon. Strength or toughness? A criterion for crack onset at a notch. European
Journal of Mechanics- A/Solids 21(1):61–72, 2002.
[2] P.P. Camanho, G.H. Erçin, G. Catalanotti, S. Mahdi, P. Linde. A finite fracture mechanics
model for the prediction of the open-hole strength of composite laminates. Composites
Part A: Applied Science and Manufacturing 43(8):1219–1225, 2012.
[3] J. Hebel, W. Becker. Numerical analysis of brittle crack initiation at stress concentrations
in composites. Mechanics of Advanced Materials and Structures 15:410–420, 2008.
351

08.03.2016 09:10 Julian Felger Pockelsstrasse 2, Raum PK2.2
Closed-form solutions for stress singularities at bi-material wedges in Reissner-Mindlin
plates
Julian Felger (TU Darmstadt), Wilfried Becker (TU Darmstadt)
In linear elasticity, stress singularities occur in domains with angular or conical points as sharp
notches or cracks. Further, singularities arise at multimaterial points which are present in many
engineering structures. Such stress concentrations are potential locations of crack initiation.
Therefore the local stress field is of particular interest and has to be studied in detail. In this
context, methods of asymptotic analysis have proven to be an efficient tool to analyse the sin-
gular solution behaviour. Singularities in single material wedges using Reissner’s plate theory
have been investigated first by Burton et al. [1]. Stress singularities at homogeneous mate-
rial wedges in Reissner-Mindlin plates have been analysed by Huang [3] using the Frobenius
method and by Rössle et al. [4] using functional analytical methods. Huang [2] also studied
corner singularities in bi-material Mindlin plates.
In the present work, a complex potential method is proposed to study singularities in bi-
material wedges in Reissner-Mindlin plates. The present study focuses on the calculation
of the singularity exponent. Within an asymptotic analysis, a modified system of partial dif-
ferential equations is obtained, which can be solved using three holomorphic potentials. These
complex potentials have to be chosen in such a way that the prescribed boundary conditions
and continuity conditions at the interfaces are fulfilled. It is shown, that the resulting character-
istic equation determining the singularity exponent can be solved in a closed-form analytical
manner for specific structural situations. Moreover, the present complex potential method
satisfies the physical requirement that all field variables can only take real values, even for
complex values of the singularity exponent. Therefore the resulting fields allow for further
application e.g. embedding in numerical application. The effect of geometrical and material
parameters on the singularity exponent is discussed in detail and the presence of oscillatory
singularities is observed. The findings are in agreement with results from the literature.
References
[1] WS Burton and GB Sinclair. On the singularities in Reissner’s theory for the bending of
elastic plates.Journal of Applied Mechanics, 53(1):220–222, 1986.
[2] CS Huang. Corner singularities in bi-material Mindlin plates. Composite Structures,
56(3):315–327, 2002.
[3] CS Huang. Stress singularities at angular corners in first-order shear deformation plate
theory. International Journal of Mechanical Sciences, 45(1):1–20, 2003.
[4] A Rössle and AM Sändig. Corner singularities and regularity results for the Reiss-
ner/Mindlin plate model.Journal of Elasticity, 103(2):113–135, 2011.
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08.03.2016 17:00 Stefan Loehnert Pockelsstrasse 2, Raum PK2.2
A regularization technique for the XFEM: extension to finite deformations, inelastic
material behaviour, material instabilities and multifield problems
Stefan Loehnert (Leibniz Universität Hannover)
The eXtended Finite Element Method (XFEM) and the very similar Generalized Finite Ele-
ment Method (GFEM) allow for an efficient and very accurate simulation of arbitrary prob-
lems with discontinuities in solid mechanics as well as in fluid mechanics and fluid-structure-
interaction. However, one of the drawbacks is that often the resulting algebraic equation sys-
tem is badly conditioned leading to severe difficulties when iterative equation solvers are used.
During the last years several remedies to that problem have been proposed. One of them is the
so-called stable GFEM (SGFEM) [1] which is easy to implement and in general improves the
conditioning of the equation system significantly. However, as mentioned in several publica-
tions, the SGFEM has a few drawbacks as well. Therfore an alternative stabilization technique
has been proposed in [2]. This technique is based on an eigenvalue decomposition of fully en-
riched extended finite elements and a stabilization of singular or nearly singular eigenmodes
of the element stiffness matrix without affecting singular eigenmodes that need to be present.
This stabilization technique has the advantage of reliably regularizing extended finite elements
with an arbitrary number of enrichment functions without affecting the accuracy of the solu-
tion too much. It is very efficient since only those elements need to be investigated of which all
nodes are enriched. Thus an eigenvalue decomposition of some of the element stiffness matri-
ces is not too costly. Until now this technique was limited to symmetric positive semidefinite
element stiffness matrices.
Here an extension of the stabilization technique published in [2] is presented. It is based on a
singular value decomposition (SVD) instead of an eigenvalue decomposition to be applicable
to non-symmetric element stiffness matrices as well. A second extension is a procedure to
distinguish between physically reasonable instabilities such as material instabilities and near
linear dependencies due to the XFEM that should be regularized. The good performance of the
method is demonstrated by means of several examples including a finite deformation fracture
problem in combination with gradient enhanced damage.
References
[1] Babuska I. and Banerjee U. Stable Generalized Finite Element Method (SGFEM). Comput.
Methods Appl. Mech. Engrg. (2012) vol. 201-204, pp. 91–111
[2] Loehnert S. A stabilization technique for the regularization of nearly singular extended
finite elements. Comput. Mech. (2014) vol. 54, pp. 523-533
355

08.03.2016 17:20 Markus Schätzer Pockelsstrasse 2, Raum PK2.2
Hydraulic fracturing with a simplified fluid model and XFEM
Markus Schätzer (Graz University of Technology), Thomas-Peter Fries (Graz University of
Technology)
In hydraulic fracturing a fluid is pumped into the rock until fractures are generated, stimulat-
ing the flow in a reservoir. For the modeling, three important factors have to be considered:
the pressure exerted by the fracking fluid onto the surrounding rock, the deformation of the
rock, and the propagation of crack surfaces. For the first field, typically a Reynolds equation
is solved, relating the crack width with the pressure [1]. However, this leads to a complex
behaviour, in particular at the crack tip/front (toughness or viscous regimes [2]). This poses
severe difficulties for the numerical treatment, also in terms of robustness. Our aim is to re-
place the Reynolds equation by a simpler relation of crack width and pressure. In particular
we restrict the pressure distribution to pre-defined distributions that are scaled by only few
parameters. The result is a much simpler and robust coupled problem.
The deformation of the fractured rock is evaluated by the extended finite element method
(XFEM) [3] based on a hybrid explicit-implicit crack description [4]. This method is used
to deal with the discontinuities and singularities which are present in the linear elastic frac-
ture problem. Based on the rock deformation, stress intensity factors (SIFs) are computed
by observing the displacements in the vicinity of the crack tip/front and a fitting with the ex-
pected displacements for a pure mode I, II and III crack. For this purpose, it is useful to use
crack opening displacements as these relative displacements consider rigid body motions au-
tomatically and generally provide a stable and intuitive approach. This technique also benefits
from a straightforward extension to 3D, where mode III is consistently treated as the other
modes. The energy release rate G is expressed by the SIFs and provides the basis for the third
field which treats the propagation of crack surfaces. First results with the proposed simplified
model for hydraulic fracturing are presented in two and three dimensions.
References
[1] J. Adachi, E. Siebrits, A. Peirce, J. Desroches. Computer simulation of hydraulic fractures.
Rock Mechanics & Mining Sciences 44 (2007), 739-757
[2] A. Peirce. Modeling multi-scale processes in hydraulic fracture propagation using the
implicit level set algorithm. Comput. Methods Appl. Mech. Engrg. 283 (2015), 881-908
[3] N. Moës, J. Dolbow, T. Belytschko. A finite element method for crack growth without
remeshing. Numerical Methods in Engineering 46 (1999), 131-150
[4] T.P. Fries, M. Baydoun. Crack propagation with the extended finite element method and a
hybrid explicit-implicit crack description. Numerical Methods in Engineering 89 (2012),
1527-1558
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08.03.2016 17:40 Sascha Hell Pockelsstrasse 2, Raum PK2.2
Determination of singularity exponents in 3D elasticity problems using enriched base
functions in the Scaled Boundary Finite Element Method
Sascha Hell (TU Darmstadt), Wilfried Becker (TU Darmstadt)
The Scaled Boundary Finite Element Method (SBFEM) [3] is a semi-analytical methodwhich
combines the advantages of the Boundary Element Method (BEM) and the Finite Element-
Method (FEM). Like in the BEM, only the boundary needs to be discretized. On the other
hand, the SBFEM is based on the principle of virtual work and does not need any fundamen-
tal solutions.A scaled boundary coordinate system with the scaling variable ξ (running from
a chosen scaling center to the boundary) and the boundary coordinates η1 and η2 is intro-
duced.A separation of variables ansatz of the type u(ξ ,η1,η2) = N(η1,η2)u(ξ ) is used for
the displacements and leads to an eigenvalue problem which can be solved by standard eigen-
value solvers for non-symmetric matrices.Especially in 2D fracture mechanics, this permits a
very efficient and accurate treatment of singularities for arbitrarily anisotropic linear-elastic
material behaviour.
However, when there are singularities on the discretized boundary in 3D elasticity problems,
it suffers from drawbacks also well known from the standard FEM [2], i.e. moderate accuracy
and bad convergence.Then, a very refined mesh needs to be employed at those singular points
which in turn causes a rapidly increasing effort in solving the eigenvalue problem.As a remedy,
additional to the standard FEM-approach, we propose the use of enriched base functions on
the boundary which is to be discretized. This approach, as known from the popular eXtended
Finite Element Method [1], is applied to the SBFEM displacement ansatz and reads:
u(ξ ,η1,η2) = N(η1,η2)u(ξ )+(F(r,ϕ)−N(η1,η2)F(rk,ϕk))b(ξ ).
Here, F(r,ϕ) are the enrichment functions in a local polar coordinate system introduced at the
singular point on the boundary.
In this work, we consider the simple case of an isotropic pyramid with a crack running from
the center of its base up to its top where also the scaling center is placed.Thus, only the
pyramid’s base needs to be discretized.It is shown, that compared to a standard 2D finite
element discretization of the boundary the proposed approach yields a substantially improved
accuracy and convergence rate.
References
[1] T. P. Fries, and T. Belytschko, Int. J. Numer. Meth. Engng., 0, 1 (2000).
[2] P. Tong, T. H. H. Pian, and S. J. Lasry, Int. J. Solids Struct., 9(3), 313 (1973).
[3] J. P. Wolf, The Scaled Boundary Finite Element Method (Wiley & Sons, Chichester, 2003).
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08.03.2016 18:00 Tim Heitbreder Pockelsstrasse 2, Raum PK2.2
Elastoplastic cohesive zone model at finite deformations – Variational formulation and
novel unloading model
Tim Heitbreder (TU Dortmund), Niels Saabye Ottosen (Lund University), Matti Ristinmaa
(Lund University), Jörn Mosler (TU Dortmund)
Cohesive zone models are well established and frequently applied for the numerical analysis of
material failure. However, fundamental principles such as balance of angular momentum [2]
are often ignored. While in a geometrically linearized setting, balance of angular momentum
is automatically fulfilled, this is not the case within a geometrically exact frame. Within this
talk, a novel elastoplastic cohesive zone model, based on the frameworks elaborated in [1] and
[2] is presented. This model is consistent with respect to the fundamental laws of thermody-
namics, material frame indifference as well as with balance of linear and angular momentum.
Equally important, it shows a variational structure, i.e., all variables follow jointly from min-
imizing a time-dependent potential. In order to consistently capture (elastic) unloading of the
novel fiber-type cohesive zone model, wrinkling of such fibers is accounted for.
REFERENCES
[1] J. Mosler, I. Scheider, “A thermodynamically and variationally consistent class of damage-
type cohesive models”, J. of the Mechanics and Physics of Solids, 59, 1647-1668 (2011).
[2] N. S. Ottosen, M. Ristinmaa and J. Mosler, “Fundamental physical principles and interface
models at finite displacements – Limitations and possibilities”, International Journal of Solids
and Structures, (2015), International Journal of Solids and Structures, 53, 70-79 (2015)
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08.03.2016 18:20 Shahed Rezaei Pockelsstrasse 2, Raum PK2.2
Prediction of fracture in grain boundaries of nano-coatings using cohesive zone ele-
ments
Shahed Rezaei (Institute of Applied Mechanics), Stephan Wulfinghoff (), Stefanie Reese ()
A cohesive zone element technique (CZ) is applied to study grain boundary fracture in nano
coating layers (see [1]). This goes along with the investigations of the delamination and
fracure behavior of the coatings and the substrate interface. The main motivation is to in-
vestigate antiadhesive and wear resistant properties of coatings made of ceramics produced
by the High Power Pulsed Magnetron Sputtering (HPPMS) technique [2].Different physical
conditions in HPPMS result into different grain morphologies with different mechanical prop-
erties.Therefore prediction of fracture and damage in such systems can lead to the optimum
choice of process parameters in order to gain the best fracture resistance properties for the
coatings. To illustrate the applicability of the model, several simulations with different me-
chanical and structural properties are performed.The developed CZ element model is capable
of modeling the separation, the contact and also the irreversible reloading conditions in differ-
ent directions [3]. The model is further developed to be applicable for geometrically complex
interfaces including different bonding behaviors, with a high robustness.
References
[1] S. Rezaei, S. Wulfinghoff, and S. Reese, Proceedings of the 3rd ECCOMAS Young Inves-
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S144–S149 (2007).
[3] R. Kebriaei, I. N. Vladimirov, S. Reese, J. Mater. Process. Technol. 214, 2146-2155
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08.03.2016 18:40 Paul Judt Pockelsstrasse 2, Raum PK2.2
Crack path predictions in structures with imperfect material interfaces
Paul Judt (University of Kassel), Andreas Ricoeur (University of Kassel)
Natural fiber reinforced bio-polymers are in the focus of many research projects to understand
and improve themechanical behavior subjected to different process parameters during produc-
tion [1, 2]. To provide safe and reliable light weight constructions, special interest is directed
towards the damage andfracture behavior of such composite materials [2]. Here, the mate-
rial’s behavior at the imperfect material interface between fiber and matrix plays an essential
roleand governs inelastic effects at the interfaces on the one hand, and the behavior of growing
cracks on the other. The reduction of the elastic potential is related to both energy consuming
processes in the systemand in general goes along with a reduction of the crack tip loading and
a shift of the crack growth direction.
An efficient method for the accurate calculation of crack tip loading quantities in a FE-
framework are pathindependent Jk-, M- and L-integrals [3]. Utilizing their path-independence,
essentially reliable numerical data far from the crack tip are exploited. Special treatment is
necessary if integration contours are not confined to the crack tip and curved crack faces [4],
internal boundaries, material interfaces or inelastic effects within the integration region are
considered. The calculated loading quantities Jk, M and L are related to the energy con-
sumption of evolving irreversibleprocesses such as growing cracks, inelastic deformations or
delaminating imperfect interfaces [5].
The crack growth simulation in structures with multiple irreversible processes represents a
complex boundaryvalue problem where the history of internal variables, e.g. plastic strain
or a damage parameter, must be updatedin each crack growth increment. Simulating crack
growth in connection with a remeshing approach thus requires a procedure mapping the inter-
nalvariables from one to another mesh at subsequent increments. In this paper, a crack growth
model considering irreversible processes is presented and applied to problems withimperfect
material interfaces.
[1] Feldmann M., Heim H.P., Zarges J.C., Influence of the process parameters on the me-
chanical properties of engineering biocomposites using a twin-screw extruder. Compos. A
(2015), in press, doi:10.1016/j.compositesa.2015.03.028.
[2] Hughes M., Hill C.A.S., Hague J.R.B, The fracture toughness of bast fibre reinforced
polyester composites - Part 1 - Evaluation and analysis. J. Mat. Sci. 37 (2002), 4669–4676.
[3] B. Budiansky, J.R. Rice. Conservation laws and energy-release rates. J. Appl. Mech. 40(1)
(1973), 201–203.
[4] P.O. Judt, A. Ricoeur. Accurate loading analyses of curved cracks under mixed-mode
conditions applying the J-integral. Int. J. Fract. 182 (2013), 53–66.
[5] P.O. Judt, A. Ricoeur. Crack path predictions and experiments in plane structures consid-
ering anisotropic properties and material interfaces. Frat. Integr. Strut. 34 (2015), 208–215.
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09.03.2016 08:30 Felix Heinrich Pockelsstrasse 2, Raum PK2.2
A numerical approach to simulate printed electronics on fiber reinforced composites
Felix Heinrich (Helmut-Schmidt-University/University of the Federal Armed Forces Ham-
burg), Rolf Lammering ()
Printed conductive paths can transmit electrical information and form an alternative to con-
ventional wiring. In lightweight applications, where the reduction of weight is crucial, printed
electronics could help to diminish the total mass of the structure. A possible application in
aeronautics is Structural Health Monitoring (SHM) - a collective term describing the structural
integration of a sensor network that serves as a central nervous system to detect damages.
As the conductive paths cannot only be printed on surfaces but also in between the layers
of CFRP materials, it has to be ensured that the electronics do not favor delamination. To
describe the electronics-CFRP interface failure numerically, a suitable approach for a finite
element analysis shall be found.
Based on a homogenized and simplified description of the interface, different numerical ap-
proaches are presented and advantages and disadvantages are considered. The most promising
approach is discussed in greater detail and prospective numerical simulations are shown.
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09.03.2016 08:50 Robert Szlosarek Pockelsstrasse 2, Raum PK2.2
A fracture angle based three-dimensional damage model for unidirectional fibre-
reinforced plastics
Robert Szlosarek (TU Freiberg), Matthias Kröger (TU Freiberg)
Since the failure analysis of fibre-reinforced plastics is not limited to the first-ply failure,
it is mandatory to use adequate damage models to simulate the failure process. The paper
describes a damage model for three-dimensional stress states, which uses the crack orientation
of the inter-fibre fracture (IFF). The fracture angle describes the crack orientation and can be
obtained by using Puck’s IFF criterion. The fracture angle enables the possibility to take
the causal stress situation for the IFF into account. This means that each Young’s or shear
modulus has its own damage function, which depends on the stress state and the fracture
angle. Therefore, the stress-strain extrapolation method of Schürmann and Weber for two
dimensional stress states was advanced and modified for the three-dimensional stress space.
Furthermore, a new devised search algorithm for determining the fracture angle reduced the
wall-clock time for the fracture angle search significantly. A comparison with experimental
data from literature shows a good correlation. Additionally, the application of the damage
model for practical problems generates good results.
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09.03.2016 09:10 Mohammad Reza Khosravani Pockelsstrasse 2, Raum PK2.2
Experimental characterization of dynamic properties of honeycomb sandwich joints
and plates
Mohammad Reza Khosravani (University of siegen), Kerstin Weinberg (University of siegen)
In lots of lightweight applications, the joints are also made by honeycomb sandwich, but little
are known about failure and dynamic behavior of sandwich plate connections. In this research,
an experimental and simulation study of mechanical and failure behavior of honeycomb sand-
wich plate and joints are performed. In detail, series of tensile test have been conducted under
quasi static conditions and high strain rate regime and failure behavior and resistance of the
specimens are investigated. For this purpose, samples are made by phenolic resin-impregnated
aramid paper as core and two layers of glass fiber reinforced plastic (GFRP) as face sheets in
each side. In addition to the experimental tests, numerical simulation with finite element
models are performed in Abaqus. Failure modes are investigated and finally good agreement
between test data and simulation results are achieved.
371

09.03.2016 14:30 Alexander Schlüter Pockelsstrasse 2, Raum PK2.2
On Configurational Forces in a Dynamic Phase Field Model for Fracturing
Alexander Schlüter (University of Kaiserslautern), Charlotte Kuhn (University Kaiser-
slautern), Ralf Müller (University of Kaiserslautern)
Dynamic fracturing is an active field of research and some phenomena such as crack branching
are only partly understood. The origin for most theoretical studies of fracturing - analytical as
well as numerical investigations - are classical concepts of fracture mechanics such as Grif-
fith’s energy-based description. The same is true for phase field fracture models that represent
cracks by means of an additional scalar field. The evolution of this field can be found from
minimization of a regularized energy functional which corresponds to a generalized Griffith
criterion. This talk discusses configurational forces in a phase field model as a means to vi-
sualize the relation between the fracture evolution in the phase field model and the classical
fracture mechanical concepts. Configurational forces are closely connected to quantities of
classical fracture mechanics such as the J-integral and the energy release rate. In contrast to
other numerical tools that rely on configurational forces to model the crack propagation, the
configurational forces serve a different purpose in a phase field model for fracture. Here, they
are a result of a post-processing step that enhances the understanding of the simulated fracture
problem.
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09.03.2016 14:50 Aurel Qinami Pockelsstrasse 2, Raum PK2.2
Crack propagation for the material force approach using adaptive meshing
Aurel Qinami (TU Dresden), Michel Kaliske (TU Dresden)
Material forces, known as well as configurational forces, are thermodynamic driving forces to
investigate defects in a continuum. Their contribution in brittle fracture mechanics has been
notable in the past years where calculations of the energy momentum tensor for different ma-
terial behavior have widen the covered area of application, e.g. see [1]. For the Linear Elastic
Fracture Mechanics (LEFM) manifold considered in this work, fracture criteria and its direc-
tion are depicted from the material force which follow the Griffith theory. The implementation
of this criterion is based on [2] and the calculations take place in the post-processing phase.
Discrete modelling of crack propagation, apart of its mechanics, requires special techniques
for manipulation of mesh for a given structure. The well known node splitting algorithm can
be implemented and combined with the r- or h-adaptivity approaches. The former one con-
sists in moving specific nodes in the direction of a crack path. This method is easier to handle
but it suffers from the degradation of finite elements. The later one is more effective when
an external remeshing process for a certain area around crack tip is used. This increases the
computation cost, but on the other hand, it improves accuracy of results. For both models
an effective data structure database needs to be created which has to be generated after each
adaptation of the mesh configuration. This significantly increases the computation time. These
methods allow realistic modelling of the crack path according to the crack driving force direc-
tion.
In this work, both methods are considered separately and combined for two- and three-dimensional
simple geometry specimens where linear elastic material behavior is taken into account. These
methods are tested for tension specimens in mode I and mixed mode. A three-dimensional tor-
sion simulation is investigated as well.
[1] Özenç, K.; Kaliske M. (2014). An implicit adaptive node-splitting algorithm to assess the failure
mechanism of inelastic elastomeric continua, International Journal for Numerical Methods in
Engineering, 100 , 669–688.
[2] Miehe, C.; Gürses E. (2007). A robust algorithm for configurational-force-driven brittle crack
propagation with R-adaptive mesh alignment, International Journal for Numerical Methods in
Engineering, 72 , 127–155.
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09.03.2016 15:10 Zhibin Wang Pockelsstrasse 2, Raum PK2.2
Numerical analysis of crack tip loading and path prediction in quasicrystals
Zhibin Wang (University Kassel), Andreas Ricoeur ()
Quasicrystals (QC) are a new material class besides crystals and amorphous solids and have
collected much attention of researchers since they were revealed in 1982 [1]. QC have long-
range orientational order like other crystalline structures but without translational symmetry
in particular direction. Crystallographically, QC can be categorised into some subclasses (1D,
2D or 3D) according to the direction in which they lack translational symmetry or the ar-
rangement is quasiperiodic, e.g. 1D QC have two periodic atom arrangement directions and
one quasiperiodic direction [2]. The investigation of physical properties of quasicrystals, such
as the fracture behaviour, electronic properties and hardness etc., is essential extending their
fields of application. Today, QC are known to exhibit e.g. a very good wear resistance, low
friction coefficients and to possess a very low porosity.
This work focuses on macroscopic cracks in 1D quasicrystalline plates, where the material
is governed by constitutive equations under the consideration of quasicrystal linear elasticity
theory [3]. The different numerical models and simulations for cracks are established in a
FE environment, where the constitutive behaviour of coupled phonon and phason fields is
included in special user elements. A numerical procedure is implemented for the calculation
of crack paths in plane structures. The J-integral is used to determine the direction of crack
growth [4]. It is investigated how the interaction between phonon and phason fields influences
the crack path under different loads.
References
[1] D. Shechtman, I.Blech, D. Gratias, J. Cahn. Metallic Phase with Long-Range Orienta-
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[2] T.Y. Fan and Y.W. Mai. Elasticity theory, fracture mechanics, and some relevant thermal
properties of quasi-crystalline materials. Appl. Mech. Rev. 57(5), (2004), 325–343.
[3] Y. Gao, A. Ricoeur, L.L. Zhang, L.Z. Yang. Crack solutions and weight functions for
plane problems in three-dimensional quasicrystals. Arch. Appl. Mech. 84(8), (2014),
1103–1115.
[4] P.O.Judt and A.Ricoeur. Accurate loading analyses of curved cracks under mixed-mode
conditions applying the J-integral. Int. J. Fract. 182(1), (2013), 53–66.
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Investigation of a Phase Field Model for Elasto-plastic Fracture
Timo Noll (University of Kaiserslautern), Charlotte Kuhn (University of Kaiserslautern), Ralf
Müller (University of Kaiserslautern)
Based on the variational formulation of brittle fracture by Francfort and Marigo [1] phase
field models of fracture can be considered as an extension to Griffith’s classical theory. Frac-
tures are represented by a scalar order parameter, which interpolates between 0 and 1.Regions
where the order parameter has the value 0 represent cracks. The sharp interfaces between
damaged and intact regions are approximated by a smooth transition of the order parameter.
An interface parameter characterizes the width of the transition zone. The evolution of the
smooth crack field on a fixed mesh overcomes limitations of sharp crack descriptions such as
the need for additional criteria for the prediction of crack paths and crack nucleation. Fur-
thermore, the phase field ansatz allows a straightforward implementation into a finite element
framework. Today there are a couple of well investigated phase field models for brittle frac-
ture. This contribution deals with the investigation of a phase field model for elastic-plastic
fracture. Based on a free energy density comprising elastic, fracture and plastic contributions,
the model describes an extension of the linear elastic model towards J2 plasticity. The model
is implemented in the finite element software FEAP. While on the global level the discretized
phase field evolution equation is solved by an implicit time integration scheme, internal plastic
variables are determined locally using a well-known predictor-corrector scheme [2]. The im-
pact of several model inherent quantities on the fracture behavior is investigated and presented
by means of illustrative examples. Furthermore, benefits and drawbacks of a simplified imple-
mentation using a symmetric system matrix and exact implementations using both staggered
and monolithic solution schemes are considered.
References
[1] G.A. Francfort, J.J. Marigo. Rivisiting brittle fracture as an energy minimization problem.
J Mech Phys Solids 46. (1998), 1319-1342.
[2] J.C. Simo, T.J.R Hughes. Computational Inelasticity. Springer 1998.
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09.03.2016 16:20 Carlos Hernandez Pockelsstrasse 2, Raum PK2.2
A Combined Molecular Dynamics-Phase-Field Modelling Approach to Fracture
Carlos Hernandez (RWTH Aachen University), Patil Sandeep (RWTH Aachen University),
Yousef Heider (RWTH Aachen University), Eduardo Cruz-Chú (Heidelberg Institute for The-
oretical Studies), Bernd Markert (RWTH Aachen University)
Although the mechanics of fracture have been a matter of extensive theoretical and experi-
mental studies since the 19th century, studies addressing the multi-scale modelling of fracture
are seldom found, particularly from nano- to macro-scale. In this work, a novel combined
method for highly brittle materials such as aragonite crystals is proposed, which provides an
efficient and accurate in-sight understanding for multi-scale fracture modelling. In particular,
physically-motivated molecular dynamics (MD) simulations are performed for crack mod-
elling on the nano-scale, whereas a macroscopic modelling of fracture has proven successful
using the diffusive phase-field modelling (PFM) technique. A link between the two modelling
schemes is proposed by deriving PFM parameters from the MD atomistic simulations. Thus,
in this combined approach, MD simulations provide a more realistic meaning and physical
estimation of the PFM parameters. The proposed computational approach, that encompasses
mechanics on discrete and continuum levels, can assist multi-scale modelling and easing, for
instance, the simulation of biological composite materials and the design of new materials.
References
[1] S. P. Patil, B. Markert, F. Gräfter, Rate-dependent behaviour of the amorphous phase of
spider dragline silk, Biophys J 106 (11) (2014) 2511–2518.
[2] B. Markert, Y. Heider, Coupled multi-field continuum methods for porous media fracture,
Recent Trends in Computational Engineering - CE2014Lecture Notes in Compute. Sci.
Eng. 105 (2015) 167-180.
[3] C. A. Hernandez Padilla, B. Markert, A coupled ductile fracture phase-field model for
crystal plasticity, Continuum Mech. Thermodyn. (2015) DOI 10.1007/s00161-015-0471-0
[4] C. Miehe, M. Hofacker, F. Welschinger, A phase field model for rate independentcrack
propagation: Robust algorithmic implementation basedon operator splits, Comput.
Method. Appl. M. 199 (2010) 2765 –2778.
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09.03.2016 16:40 Michael Strobl Pockelsstrasse 2, Raum PK2.2
Simulation of Hertzian cone cracks using a phase field description for fracture
Michael Strobl (Karlsruhe Institute of Technology (KIT)), Lukas Morand (), Thomas Seelig ()
Phase field models have already proven their excellent ability to reproduce situations with
complex crack patterns including the determination of unknown crack paths, e.g. [1]. The
present contribution focuses on fracture caused by indentation on the surface of a brittle solid.
Experiments of this so-called indentation fracture date back to the 1880s studies by Hertz [2].
It’s theoretical prediction, however, is a challenging task due to the fact that the crack nucle-
ation is not geometrically induced, but is caused by stress gradients in the contact near-field.
Application of the phase field model requires additional constitutive assumptions to ensure
a tension-compression asymmetric material response and prevent damage in compressed re-
gions. This is achieved at the cost of giving up the variational concept of brittle fracture [3].
We simulate the indentation of a cylindrical flat-ended punch on brittle materials like silicate
glass. In order to reduce the numerical effort, we exploit axisymmetric conditions for the finite
element formulation. The constant contact area produces regular cone fractures [4], depend-
ing on the radius of the indenter. After the crack is induced, stable crack propagation can be
observed in good agreement with experiments. Results are discussed for varying boundary
conditions and constitutive assumptions.
References
[1] A. Mesgarnejad, B. Bourdin, M. M. Khonsari. Validation simulations for the variational
approach to fracture, Comput. Methods Appl. Mech. Engrg. (2015), 290, 420–437
[2] B. Lawn. Fracture of Brittle Solids, Cambridge University Press (1993)
[3] C. Miehe, L.-M. Schänzel, H. Ulmer. Phase field modeling of fracture in multi-physics
problems. Part I. Balance of crack surface and failure criteria for brittle crack propagation
in thermo-elastic solids, Comput. Methods Appl. Mech. Engrg. (2015), 294, 449–485
[4] F. C. Roesler. Brittle Fractures near Equilibrium, Proc. Phys. Soc. Lond. (1956), B69,
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Phase-field approach to fracture for finite-deformation contact problems
Marlon Franke (Karlsruhe Institute of Technology), Christian Hesch (Karlsruhe Institute of
Technology), Maik Dittmann (University of Siegen), Ilker Temizer (Bilkent University)
In this talk we present a variationally consistent Mortar contact algorithm applied to a phase-
field fracture approach for finite deformations, see [4].
A phase-field approach to fracture allows for the numerical simulation of complex fracture
patterns for three dimensional problems, extended recently to finite deformations (see [2] for
more details). In a nutshell, the phase-field approach relies on a regularization of the sharp
(fracture-) interface. In order to improve the accuracy, a fourth-order Cahn-Hilliard phase-field
equation is considered, requiring global C1 continuity (see [1]). To account for the continuity,
an isogeometric analysis (IGA) framework is introduced. Additionally, a newly developed
hierarchical refinement scheme is applied to resolve for local physical phenomena e.g. the
contact zone (see [3] for more details).
The Mortar method is a modern and very accurate numerical method to implement contact
boundaries. This approach can be extended in a straightforward manner to transient phase-
field fracture problems.
The performance of the proposed methods will be examined in several representative numeri-
cal examples.
References
[1] Borden, M.J. and Hughes, T.J.R. and Landis, C.M. and Verhoosel C.V., A higher-order
phase-field model for brittle fracture: Formulation and analysis within the isogeometric
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[2] Hesch, C. and Weinberg, K., Thermodynamically consistent algorithms for a finite-
deformation phase-field approach to fracture, Int. J. Numer. Meth. Engng., 99:906–924,
2014.
[3] Hesch, C. and Schuss, S. and Dittmann, M. and Franke, M. and Weinberg, K., Isogeo-
metric analysis and hierarchical refinement for higher-order phase-field models, Comput.
Meth. Appl. Mech. Engrg., submitted, 2015.
[4] Hesch, C. and Franke, M. and Dittmann, M. and Temizer, I˙., Hierarchical NURBS and
a higher-order phase-field approach to fracture for finite-deformation contact problems,
Comput. Meth. Appl. Mech. Engrg., accepted for puplication, 2015.
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Towards efficient computational scheme for a phase-field model of brittle fracture
Tymofiy Gerasimov (Institute of Applied Mechanics, Technische Universität Braunschweig),
Laura De Lorenzis ()
Phase-field modeling of fracture phenomena in solids is a very promising approach which
has gained popularity within the last decade. However, within the finite element framework,
already a two-dimensional quasi-static phase-field formulation is computationally quite de-
manding, mainly for the following reasons: (i) the need to resolve the small length scale
inherent to the diffusive crack approximation calls for extremely fine meshes, at least locally
in the crack phase-field transition zone, (ii) due to non-convexity of the related free-energy
functional, a robust, but slowly converging staggered solution approach based on algorithmic
decoupling is typically used.In this contribution we tackle problem (ii) by proposing an ac-
celeration procedure for the staggered computational scheme based on the dynamic relaxation
in the spirit of works [1] and [2], as well as a novel monolithic solution scheme which is
accompanied by a novel line search procedure to overcome the iterative convergence issues
of non-convex minimization [3]. We present a detailed critical evaluation of the approaches
and their comparison with the classical staggered scheme in terms of computational cost, ac-
curacy and robustness. //[1] P. Erbts, A. Düster, Accelerated staggered coupling schemes for
problems of thermoelasticity at finite strains, Computers and Mathematics with Applications
64 (2012) 2408–2430. //[2] P.E. Farrell, C. Maurini, Linear and nonlinear solvers for varia-
tional phase-field models of brittle fracture, submitted. //[3] T. Gerasimov, L. De Lorenzis, A
line search assisted monolithic approach for phase-field computing of brittle fracture, 2015,
accepted to CMAME.
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A Phase-Field Model of Ductile Fracture at Finite Strains
Stephan Teichtmeister (University of Stuttgart), Fadi Aldakheel (University of Stuttgart),
Christian Miehe (University of Stuttgart)
This work outlines a variational-based framework for the phase field modeling of ductile frac-
ture in elastic-plastic solids at large strains. The phase field approach regularizes sharp crack
discontinuities within a pure continuum setting by a specific gradient damage modeling with
geometric features rooted in fracture mechanics [1]. It has been proven very successful with
regard to the analysis of complex crack topologies without the need of advanced discretiza-
tion techniques such as the Extended Finite element Method. Based on the recent work [2],
the phase field model of ductile fracture is linked to a formulation of gradient plasticity at
finite strains [3]. The formulation includes two independent length scales which character-
ize the regularization of the plastic response and the crack discontinuities. This ensures that
the damage zones of ductile fracture evolve inside the plastic zones, and guarantees on the
computational side mesh objective solutions in post critical ranges. The novel aspect of this
work is a thermodynamic formulation of the coupling between gradient plasticity and gradient
damage by canonical variational principles. This is realized via the definition of a constitu-
tive work density function that includes the stored elastic energy and the dissipated work due
to plasticity and fracture mechanisms. The latter represents a coupled resistance to plasticity
and damage, depending on the gradient-extended internal variables which enter plastic yield
functions and fracture threshold functions. The model is specified to von Mises-type elasto-
plasticity. The proposed canonical theory is shown to be governed by a rate-type minimization
principle, which fully determines the coupled multi-field evolution problem. This is exploited
on the numerical side by an inherent symmetry property. Another key aspect of this work is
the regularization towards a micromorphic gradient plasticity-damage setting by taking into
account additional internal variable fields linked to the original ones by penalty terms. This
enhances the robustness and facilitates the finite element implementation, in particular on the
side of gradient plasticity. The performance of the formulation is demonstrated by means of
some representative examples.
Recent Publications
[1] C. Miehe, F. Welschinger and M. Hofacker. Thermodynamically consistent phase-field
models of fracture: Variational principles and multi-field FE implementations. International
Journal for Numerical Methods in Engineering, 83:1273–1311, 2010.
[2] C. Miehe, M. Hofacker, L. Schänzel and F. Aldakheel. Phase field modeling of frac-
ture in multi-physics problems. Part II. Coupled brittle-to-ductile failure criteria and crack
propagation in thermo-elastic-plastic solids. Computer Methods in Applied Mechanics and
Engineering, 294:486–522, 2015.
[3] C. Miehe, F. Welschinger and F. Aldakheel. Variational gradient plasticity at finite strains.
Part II: Local-global updates and mixed finite elements for additive plasticity in the logarith-
mic strain space. Computer Methods in Applied Mechanics and Engineering, 268:704-734
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10.03.2016 08:30 Tuanny Cajuhi Pockelsstrasse 2, Raum PK2.2
Phase-Field Modeling of Fracture in partially saturated porous Media
Tuanny Cajuhi (TU Braunschweig), Laura De Lorenzis (TU Braunschweig), Lorenzo Sanavia
(University of Padova)
Porous media such as soil, rocks and concrete are of great importance in the context of civil
engineering and environmental geomechanics. They consist of a solid skeleton and pores filled
with fluids, e.g. air and water. Complex mechanisms of flow and transport take place within
the pore network and can lead to deformation of the solid skeleton and eventually to fracture
phenomena [Simoni & Schrefler 2014]. Phase-field modeling of fracture has recently emerged
as an alternative to conventional approaches such as remeshing, extended finite element meth-
ods or cohesive zone modeling. The essential advantages are the possibility to describe ar-
bitrarily complicated fracture patterns without ad-hoc criteria on a fixed mesh, through the
solution of partial differential equations derived from variational principles [Bourdin et al.
2000, Miehe et al. 2010, Kuhn & Müller 2010, Ambati et al. 2014]. Phase-field modeling
of fracture in porous media has been addressed in some recent publications [Mikelic´ et al.
2014, Mikelic´ et al. 2015], which however have only focused on the fully saturated case. Ob-
jective of this contribution is to describe fracture in partially saturated porous media using a
phase-field approach. We formulate the coupled non-linear system of partial differential equa-
tions governing the problem with displacements, capillary pressure and crack phase field as
unknowns. We discuss its solution and present some relevant examples.
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10.03.2016 08:50 Daniel Kienle Pockelsstrasse 2, Raum PK2.2
Poiseuille-Type Fluid Transport in Poro-Elastic Solids at Fracture
Daniel Kienle (University of Stuttgart), Steffen Mauthe (), Christian Miehe ()
Hydraulic fracturing has led to controversial public debates about its risks due to environmen-
tal issues, such as increased seismic activity or drinking water contamination. The technique
is primarily used to gain crude oil or natural gas from unconventional wells. To this end, a
high pressurized fracking fluid is injected into a wellbore to fracture deep-rock formations,
leading to growing cracks, a subsequent increase of permeability in these formations and thus
to an increased flow of natural gas and crude oil. To weight the risks and the perspectives of
hydraulic fracturing a profound understanding of the involved processes is crucial. Numeri-
cal simulations are the most cost efficient way for the required studies, but demand a reliable
model with a stable implementation.
We propose a canonical minimization principle for the Biot-type fluid transport in porous me-
dia based on only two constitutive functions, that is the free energy function ψˆ and a dissipa-
tion potential φˆ [1]. This formulation is coupled to a phase-field approach for fracture which
characterizes an intuitive and descriptive regularization of a crack surface that converges for
vanishing length-scale parameter to a sharp crack. The crack phase-field allows for a distinct
incorporation of an extra fluid flow within cracked regimes of the solid [2]. This extra fluid
flow is modeled according to Poiseuille law for laminar flow, yielding an implementation via
a change of the permeability tensor, i.e., making it a function of the crack opening width,
formulated itself in terms of the strain and the gradient of the crack phase field.
The model capabilities and performance are demonstrated by means of representative numer-
ical examples of fracturing scenarios in two dimensions. We use the H(Div,B)-conforming
FE-Implementation of the minimization formulation with Raviart-Thomas elements and com-
pare different crack criteria using a formulation in terms of the effective free energy function
and a formulation in terms of the effective principle stresses.
Recent Publications
[1] C Miehe, S Mauthe, and S Teichtmeister. Variational principles for the coupled problem
of fluid transport in porous media linked to phase field modeling of fracture. Journal of the
Mechanics and Physics of Solids, Volume 82, Pages 186-217, 2015.
[2] C Miehe, S Mauthe. Phase field modeling of fracture in multi-physics problems. Part III.
Crack driving forces in hydro-poro-elasticity and hydraulic fracturing of fluid-saturated porous
media Computer Methods in Applied Mechanics and Engineering doi: 10.1016/j.cma.2015.09.021,
2015.
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10.03.2016 09:10 Markus Kästner Pockelsstrasse 2, Raum PK2.2
Adaptive isogeometric phase-field modelling of fracture
Markus Kästner (TU Dresden), Paul Hennig (TU Dresden), Thomas Linse (TU Dresden)
The phase-field method has become a powerful tool for the modelling of a variety of morpho-
logical changes in different fields of physics as well as materials and engineering sciences.
Due to the smeared representation of interfaces, topological updates of the analysis mesh are
avoided. However, the variability of the approach comes at the cost of highly refined meshes
that have to resolve strong gradients across the internal characteristic length scales. Therefore,
adaptive local refinement is essential to the successful application of the approach.
We consider the phase-field modelling of fracture [1]. Different from sharp interface models,
the discrete crack is smeared in terms of a crack density c, i.e.an additional field variable that
can be interpreted as a damage variable. By coupling the scalar phase-field to a mechanical
boundary value problem, the initiation and propagation of the crack are described by the evo-
lution of the order parameter c and the numerical tracking of the crack path is avoided. The
transition zone between completely damaged and undamaged material is characterised by an
internal length `0 which has to be considered a material parameter. The first part of the con-
tribution will therefore focus on the numerical analysis of, e.g., the influence of `0 and the
applied boundary conditions on the resulting force-displacement curves. We study also the
role of the used discretisation in the sense of the Γ-convergence of the approach.
Motivated by the numerical analysis, we apply hierarchical B-splines or NURBS. We have
developed procedures for adaptive local refinement based on Bézier extraction [2] which en-
able the incorporation of the approach into existing finite element codes and avoid the ex-
plicit generation of the hierarchical basis. The performance and efficiency of the adaptive
refinement are eventually examined for the phase-field modelling of fracture. We compare
force-displacement curves, the number of used elements and the required computation time
for uniformly and adaptively refined meshes based on the model defined in [3].
Acknowledgments: The present project is supported by the German Research Foundation
(DFG) within the Priority Programme (SPP) 1748. This support is gratefully acknowledged.
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[3] C. Miehe, M. Hofacker, F. Welschinger: A phase field model for rate-independent crack-
propagation: Robust algorithmic implementation based on operator splits, COMPUT
METHOD APPL M 199 (2010), 2765–2778.
395

10.03.2016 13:30 Björn Kiefer Pockelsstrasse 2, Raum PK2.2
A comparison of algorithmic approaches to damage-plasticity modeling in the context
of gradient-enhancement
Björn Kiefer (TU Dortmund), Tobias Waffenschmidt (3M Deutschland GmbH), Leon Sprave
(TU Dortmund), Andreas Menzel (TU Dortmund/Lund University)
A non-local gradient-enhanced damage-plasticity formulation is proposed. The purpose of the
gradient-extension is thereby two-fold. Firstly, the non-local enhancement prevents the loss
of well-posedness of the governing field equations in the post-critical damage regime—a phe-
nomenon that is associated with strain localization—and thus stabilizes the numerical solution
scheme for the global structural problem. Secondly, the incorporation of gradient terms im-
plies the introduction of an internal length and thus allows the capturing of size effects. To this
end, a global damage state variable field is introduced and an additional balance equation en-
sues within the variational setting. The non-locality of the formulation then manifests itself in
terms of a non-local free energy contribution that penalizes the occurrence of damage gradients
in standard fashion. A second penalty term is devised, conceptually following the work of [1,
2], and [3], to force the global damage field to coincide with the internal damage state variable
at the Gauss point level. A cumbersome and numerically inefficient enforcement of Karush-
Kuhn-Tucker (KKT) conditions on the global level can thus be avoided. Another advantage is
that within this approach classical local damage models may directly be incorporated and can
thus be equipped with a non-local gradient enhancement in a straightforward manner. In this
case, a damage formulation that is based on the equivalent strain and effective stress concepts
is linked to plasticity in a multi-surface setting. An important emphasis of the present work is
to investigate the efficiency and robustness of different algorithmic schemes (active set strat-
egy, staggered scheme, Fischer-Burmeister complementarity functions) to enforce the KKT
conditions. Another feature of the model is its flexibility regarding the influence of damage,
as independent exponential-type damage saturation functions are introduced to weight the vol-
umetric and deviatoric strain energy contributions as well as to enter the effective stress and
damage yield function expressions. Several parameter studies are conducted to investigate the
general characteristics of the proposed constitutive model under homogeneous deformation.
Moreover, response simulations for representative inhomogeneous boundary value problems
are studied to assess the effectiveness of the gradient enhancement regarding stability and
mesh objectivity.
References
[1] P. Steinmann, E. Stein, A unifying treatise of variational principles for two types of
micropolar continua, Acta Mechanica, 121(1):215–232, 1997.
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10.03.2016 14:10 Stephan Schwarz Pockelsstrasse 2, Raum PK2.2
A novel approach to the regularization of damage models
Stephan Schwarz (Ruhr-Universität Bochum), Philipp Junker (Bergische Universität Wup-
pertal), Klaus Hackl (Ruhr-Universität Bochum)
Common material models that take into account softening effects due to damage have the
problem of ill-posed boundary value problems if no regularization is applied. This condition
leads to a non-unique solution for the resulting algebraic system and a strong mesh dependence
of the numerical results. A possible solution approach to prevent this problem is to apply
regularization techniques that take into account the non-local behavior of the damage. For
this purpose a field function is often used to couple the local damage parameter to a non-local
level, in which differences between the local and non-local parameter as well as the gradient
of the non-local parameter can be penalized. In contrast, we present a novel approach to
regularization that no longer needs a non-local level but directly provides mesh-independent
results. Due to the new variational approach we are also able to improve the calculation times
and convergence behavior.
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10.03.2016 14:30 Tim Brepols Pockelsstrasse 2, Raum PK2.2
A regularized damage-plasticity model: micromorphic formulation and numerical as-
pects
Tim Brepols (RWTH Aachen), Stephan Wulfinghoff (RWTH Aachen), Stefanie Reese (RWTH
Aachen)
The present study discusses a specific gradient–extended damage–plasticity model based on
a micromorphic approach (see e. g. [1]). Mathematically, the physical phenomena damage
and plasticity are treated independently from each other by considering separate yield and
damage loading conditions to describe further plastic flow and / or damage evolution. Nev-
ertheless, a strong coupling between the two dissipative mechanisms exists due to suitable
constitutive assumptions present in the model. As usual for many gradient–enhanced mod-
els, regularization is achieved by considering and solving a certain partial differential equa-
tion next to the usual balance of linear momentum. Numerically, this leads to an additional
degree–of–freedom on the nodes of the finite element (FE) mesh which has to be solved for
globally. On the local Gauss–point level, a monolithic approach is chosen to numerically in-
tegrate the constitutive equations which results in a fully implicit set of equations involving
separate loading / unloading conditions and corresponding multipliers for plasticity and dam-
age, respectively. In order to determine the locally active mechanisms for a given (time–)step
within the global FE Newton–Raphson iteration, an active set search strategy is employed as
is common e. g. in other disciplines as multi–surface or crystal plasticity (see e. g. [2], [3]).
The suitability of the model to regularize coupled damage–plasticity problems is carefully
examined in various numerical benchmark tests.
References
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Damage modeling of a particle reinforced TWIP-steel matrix composite
Andreas Seupel (TU Bergakademie Freiberg), Andreas Burgold (TU Bergakademie
Freiberg), Meinhard Kuna (TU Bergakademie Freiberg)
This contribution addresses the phenomenological formulation of a constitutive model for
particle reinforced TWIP-steel matrix composites in the continuum mechanical framework
(TWIP-TWinning Induced Plasticity). The macroscopic mechanical response of this material
strongly depends on the following damage phenomena: Cracking of particles, failure of the
matrix to particle interface, void nucleation and growth. However, a macroscopic ductile be-
havior of the composite material is observed. Therefore, an elastoplastic model is proposed de-
scribing the evolution of the various damage mechanisms as a deformation dependent process.
The damage state is cast into the evolution of one single internal variable, which is interpreted
as effective porosity: This variable covers void nucleation due to particle based failure mecha-
nisms as well as void growth. An additional stress state dependency of the phenomenological
damage nucleation term is motivated by micromechanical simulations considering interface
failure progress under different multi-axial loadings. The utilized yield function is affected by
all three stress invariants and the evolving damage. All strain hardening effects of the com-
posite are captured by an overall isotropic hardening function. The complete material model
is implemented into a finite element program; the model equations are solved numerically. A
strategy is suggested to determine the introduced model parameters by means of experimental
data and micromechanical simulation results. After calibration, the model exhibits the exper-
imentally observed asymmetric stress response for uni-axial tensile and compressive loading.
Also the final failure of the material during tensile testing can be predicted.
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Amicrocrack-based continuum damage model with application towards graded refrac-
tories
Janto Gundlach (University of Kassel), Andreas Ricoeur (University of Kassel)
Refractory materials are commonly used to protect metallic structures against high input of
heat and temperature, which is for instance the case in iron and steel industry. A thermoshock,
where the surface of a structure is subjected to temperature loads of above 1000◦C within a
very short time span, is considered as the most critical event. Refractory ceramic coatings
that are intended to insulate subjacent parts have to be renewed frequently. Thus, a high
thermoshock resistance of refractories is desired to enhance the lifetime of those coatings.
In addition to typical thermomechanical material properties such as stiffness, density, ther-
mal conductivity and thermal expansion behaviour, their resistance to temperature changes
depends on the characteristics of the micro structure. After fabrication refractory materials
contain voids, microcracks, grain boundaries or inclusions of a second phase, being strongly
related to the strength properties of the material.
Multilevel continuum damage simulations are suitable to describe the influence of both the
above mentioned classical macroscopic material parameters as well as the microscopic vari-
ables in order to predict the thermoshock resistance and damage patterns properly. In this work
a damage model for brittle materials based on multiscale considerations and homogenisation
procedures is presented. Cell models are developed in the concept of representative volume el-
ements according to different microstructural features. Associated irreversible states and their
evolution are described by an internal damage variable. Local failure occurs if the damage
variable reaches a critical value. In the case of rather simple microstructures the relations be-
tween stress, strain und temperature are derived from analytical considerations. Macroscopic
and microscopic scales are linked by the internal variable which affects the material proper-
ties on the macroscopic level. The potential of the numerical tool is demonstrated by means of
graded structures with preset residual stresses, being imposed to thermomechanical loading.
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10.03.2016 17:00 Sven Heinrich Pockelsstrasse 2, Raum PK2.2
Multiscale damage analyis for steel structures
Sven Heinrich (Institut für Statik der TU Braunschweig), Ursula Kowalsky (Institut für Statik
der TU Braunschweig), Dieter Dinkler (Institut für Statik der TU Braunschweig)
An approach is presented to model the deterioration of steel structures by transferring the
results of a continuum damage mechanics analysis to an extended beam model which can
account for the loss of structural integrity.
Damage starts at the microscopic level by the initiation, growth and coalescence of voids with
decreasing material resistance followed by the formation of microcracks at the mesoscale.
Nevertheless, the material behavior can be sufficiently modeled on a phenomenological ba-
sis taking into account viscoplasticity, hardening effects and damage evolution. Therfor, the
model parameters are identified with the help of an evolutionary algorithm adapting numeri-
cal to experimental results. Using finite element method a nonlocal formulation of the damage
variable is required to obtain mesh-independent results by structural analysis. The maximum
element size is limited by the small magnitude of the internal length. Therefore, numerical
analyses of large scale 3D steel structures are computationally expensive.
To reduce the effort a beam element with additional ansatz functions is proposed to account
for the plastic hinges and the loss of resistance in the course of damage evolution. The cor-
responding relationship of bending moment and curvature bases on the continuum damage
mechanics model.
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10.03.2016 17:20 Steffen Gerke Pockelsstrasse 2, Raum PK2.2
Experiments and Numerical Simulations of New Biaxially Loaded Specimens to Char-
acterize the Behavior of Thin Metal Sheets
Steffen Gerke (Universität der Bundeswehr München), Marco Schmidt (Universität der Bun-
deswehr München), Michael Brünig (Universität der Bundeswehr München)
The damage and failure process of ductile metals is characterized by different mechanisms
acting on the micro-scale like nucleation, coalescence and growth of voids or formation of
micro-shear-cracks [1, 3] as well as on the macro-level like evolution of macro-cracks. These
deterioration processes essentially depend on the material type and on the loading conditions.
To describe these phenomena in an appropriate way, Brünig et al. [2, 3] proposed a phe-
nomenological continuum damage and fracture model which reflects the different damage
mechanisms on the micro-scale. The approach is based on the consideration of damaged as
well as fictitious undamaged configurations. The kinematics leads to the additive decomposi-
tion of the strain rate tensor into elastic, plastic and damage parts.
The identification of the parameters appearing in the constitutive equations and their stress-
state-dependence is a big challenge. Partly these could be identified by experiments with
uniaxially loaded specimens and additional information can be obtained by three-dimensional
unit cell model calculations. Here a wide range of stress triaxialities and Lode parameters
could be covered [5] and a first proposal for several stress dependent material parameters
could be made while an experimental validation of this data is still pending.
To overcome this gap of information the material behavior has to be experimentally studied
in a wide range of stress states, i.e. at different triaxialites and Lode parameters. A first
series of experiments with biaxially loaded specimens with one notched central region has
been performed [4]. These experiments and the corresponding numerical simulations indicate
occurrence of damage and fracture at a wide range of triaxialities while the specimen geome-
try strongly couples two perpendicular loading directions leading to cross forces close to the
machine limit. To overcome this experimental difficulty and to extract further information at
different loading conditions new specimen geometries are proposed and numerical and exper-
imental studies are realized. On the experimental side digital image correlation (DIC) is used
to study the deformation of the specimen surface. For all these studies aluminum sheets with a
moderate thickness of 4.0mm is used and notches in thickness direction are milled to localize
damage and fracture.
The presentation focuses on two aspects: Firstly, the new specimen geometries for sheet met-
als of moderate thickness and notches in thickness direction are discussed in detail. In this
connection numerical results are compared with those experimental obtained with special fo-
cus on the strain fields at the specimen surface. Secondly, a new biaxial geometry for thin
metal sheets is presented and by the use of numerical results the applicability for different
loading conditions is shown.
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10.03.2016 17:40 Vanessa Hagenbrock Pockelsstrasse 2, Raum PK2.2
Micro-mechanical studies on the effect of stress states on ductile damage and failure
Vanessa Hagenbrock (Universität der Bundeswehr München), Steffen Gerke (Universität der
Bundeswehr München), Michael Brünig (Universität der Bundeswehr München)
The presentation deals with the effect of various stress states on plastic deformations, dam-
age mechanisms and fracture of ductile materials. The continuum damage model has been
generalized to take into account the dependence of the stress state on the constitutive model.
It is based on the introduction of damaged and fictitious undamaged configurations [2]. The
plastic behavior of the material is characterized by a yield criterion and a fiow rule which are
formulated in the undamaged configurations. In a similar way, the damage mechanisms are
described by a damage condition and a damage rule. They are written in terms of the damaged
configurations. Furthermore a coalescence criterion and a fracture condition are proposed to
simulate the failure process. Different branches of the equations are considered based on dif-
ferent damage and failure mechanisms on the micro-level depending on stress intensity, stress
triaxiality and the Lode parameter [1, 3].
Experiments with carefully designed specimens are performed and the test results are used
to identify basic material parameters. However, it is not possible to determine all parameters
based on these tension and shear tests. Therefore, to get more insight in the complex dam-
age mechanisms micro-mechanical numerical simulations have been performed. The three-
dimensional simulations are based on unit cells containing voids [3, 4]. These calculations are
performed on the micro-scale under various loading conditions covering a wide range of stress
triaxialities and Lode parameters in the macroscopic tension, shear and compression domains.
The numerical results are used to show general trends as well as to understand the fundamen-
tal physical mechanisms of damage and failure in ductile metals. Furthermore, with these
numerical results it is possible to propose a damage condition and a damage rule for different
branches, and to introduce a coalescence condition and a fracture criterion formulated in terms
of damage strain tensors. Additionally they are used to identify the stress-state-dependent pa-
rameters of the continuum damage model.
References
[1] Y. Bao and T. Wierzbicki. On the fracture locus in the equivalent strain and stress triaxi-
ality space. International Journal of Mechanical Sciences, 46:81–98, 2004.
[2] M. Brünig. An anisotropic ductile damage model based on irreversible thermodynamics.
International Journal of Plasticity, 19:1679–1713, 2003.
[3] M. Brünig, S. Gerke, and V. Hagenbrock. Micro-mechanical numerical studies on the
stress state dependence of ductile damage. In H. Altenbach and S. Kruch, editors, Ad-
vanced Materials Modelling for Structures, volume 19 of Advanced Structured Materials,
pages 87–96. Springer Berlin Heidelberg, 2013.
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10.03.2016 18:00 Ulrich Kroll Pockelsstrasse 2, Raum PK2.2
On the nonlinear damage accumulation and creep-fatigue interaction of a damage
model for the lifetime prediction of adhesively bonded joints
Ulrich Kroll (Universität Kassel), Anton Matzenmiller (Universität Kassel)
Materials and structures under mechanical service loading suffer creep and fatigue damage
up to the time of rupture, where the lifetime is attained. The damage mechanisms and failure
depend on several properties of the complex cyclic loading history such as variable ampli-
tudes, load ratio, mean stress, frequency, multiaxiality etc. The associated influences on the
lifetime are difficult to determine and make the lifetime prediction by deterministic models
very challenging. However, as a result of many experimental investigations, one important
feature is generally observed: The chronological order of variable amplitudes has a significant
effect on the lifetime. Damage models capture the loading sequence effect only if they take
nonlinear damage accumulation into account. A scalar damage model, based on a differen-
tial equation, represents nonlinear damage accumulation only if damage is not separable from
the damage driving variable. In contrast, separability always leads to linear damage accumu-
lation, which usually yields worse lifetime predictions compared to nonlinear accumulation
in the case where the loading protocol consists of variable amplitudes or block loading se-
quences. One main goal of scalar damage models, therefore, is to take the loading sequence
effect into account by nonlinear damage accumulation in order to predict the lifetime pre-
cisely. Although nonlinear cumulative damage can be represented by a pure fatigue model,
the coupling of several types of damage contributions also leads to nonlinear accumulation
providing that the coupling results in a non-separable differential equation. Thus, the cou-
pling of different damage types, for example creep and fatigue, appears to be one specific
possibility for modelling of nonlinear damage accumulation in order to consider the loading
sequence effect. In this contribution, an isotropic damage model is proposed for the lifetime
prediction of adhesive joints and its damage accumulation is investigated. The model is a
nonlinear first order ordinary differential equation for combined creep and fatigue damage on
the basis of the continuum damage theory. In order to take multiaxial loading conditions into
account, both damage parts depend on an equivalent stress, which is suitable for toughened
adhesives. The thin adhesive layer is idealised as a zero-thickness interface for numerical ef-
ficiency. Allowing for this simplification, the three-dimensional state of stress is reduced to
the traction vector according to the interface theory. The model consists of three parameters
for creep damage, three parameters for fatigue damage and two parameters in the equivalent
stress considering shear-tension interaction. It is demonstrated that the identification of the
creep and fatigue damage parameters determines the nonlinearities of the creep-fatigue inter-
action and the damage accumulation. The mutual dependence of the creep-fatigue interaction
and the damage accumulation of the model at hand is examined and illustrated. As a result, lin-
ear creep-fatigue interaction and separability of the variables in the damage model differential
equation both lead to linear damage accumulation. The observations are critically discussed.
Numerical examples are presented in order to investigate the validity of the model.
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10.03.2016 18:20 Ajmal Hasan Monnamitheen Abdul Gafoor Pockelsstrasse 2, Raum
PK2.2
Influence of deformation history parameters on softening behaviour of concrete
Ajmal Hasan Monnamitheen Abdul Gafoor (Institut für Statik der TU Braunschweig), Dieter
Dinkler (Institut für Statik der TU Braunschweig)
Since 1960s, extensive efforts and more attention have been taken for the developments of
continuum damage models to understand and to describe the behaviour and fracture mecha-
nisms of different brittle materials. As for concrete, different kinds of models in the framework
of the theory of plasticity or continuum damage mechanics are well developed. Furthermore,
the rapid progression of local, nonlocal integral or nonlocal gradient damage models with the
description of scalar, vector or tensorial damage leads to a quite promising approach to char-
acterize the concrete deformation behaviour. Each model deals with a damage evolution law
which is an essential characteristic describing the global mechanical behaviour of the material
in the post-peak regime after the ultimate load is reached. Indeed, the history parameter driv-
ing the deformation and degradation of the material has to be assumed appropriately, since
various definitions are available for recording the deformation history.
The aim of this study is to investigate the elasticity based damage models in which the isotropic
damage is driven by different history parameters to understand the material behaviour under
uni-axial setting, so as to recommend a suitable history parameter for the description of ma-
terial strain-softening realistically. Existing damage evolution laws from literatures are used
to compare the results using strain and energy equivalence principles. A suitable damage evo-
lution law which is similar to Weibull’s failure distribution is proposed in the framework of
energy equivalence. Numerical results exhibit good agreement with experimental results.
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10.03.2016 18:40 Konstantin Priesnitz Pockelsstrasse 2, Raum PK2.2
Inverse parameter identification of fiber-reinforced composites through biaxial tensile
tests and shape optimisation of a cruciform specimen for damage analysis
Malte Schemmann (Karlsruhe Institute of Technology (KIT)), Konstantin Priesnitz (Karl-
sruhe Institute of Technology (KIT)), Julian Bauer (Karlsruhe Institute of Technology (KIT)),
Barthel Brylka (Karlsruhe Institute of Technology (KIT)), Thomas Böhlke (Karlsruhe Insti-
tute of Technology (KIT))
The need for reducing CO2 emissions, fuel consumption and consequently costs promotes
material diversity and the use of lighter materials in all fields of transportation.Discontinuous
fiber-reinforced polymers play an important role in these lightweight design strategies.In order
to take full advantage of that material class, accurate material models predicting the processing
dependent material properties are needed.Models that predict failure or damage in multiaxial
stress states are preferably validated under such stress conditions (Makris et al. 2010, Soden
et al. 2002). This work focuses on glass fiber reinforced plates made from sheet moulding
compounds with a thermoset matrix.A numerical optimization scheme based on a parame-
terized finite-element model has been developed to obtain a specimen optimally shaped for
monitoring damage initiation and propagation under biaxial loading.The multi-objective opti-
mization criterion incorporates requirements such as a damage localization in the observable
center of the specimen, damage in multiaxial stress states and preferably homogeneous strain
fields in the area of interest.Digital image correlation is used to determine the full strain field
under biaxial loading conditions.Experimental and simulation results of different specimen
types are compared with regard to suitability for damage model validation.The anisotropic
viscoelastic material properties of the composite plates are determined with an inverse mod-
elling approach and a biaxial tensile machine (Schemmann et al. 2015). Hereby, material
constants are obtained by minimizing the deviation between simulated and measured strains
with a Gauss Newton type algorithm.
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11.03.2016 08:30 Yevgen Gorash Schleinitzstrasse 23, Raum SN23.1
Influence of material data input on accuracy of fatigue assessments for beam weldments
Yevgen Gorash (University of Strathclyde), Tugrul Comlekci (University of Strathclyde),
Donald MacKenzie (University of Strathclyde)
This numerical study investigates the effects of fatigue material data and finite element types
on accuracy of residual life assessments under high cycle fatigue conditions. The bending of
cross-beam connections is simulated in ANSYS Workbench for three different combinations
of structural member shapes: RHS-RHS, RHS-angle and RHS-Channel [1, 2]. The weldments
are made of the high-strength steel grades C350LO (σy = 350 MPa and σu = 430 MPa) and
C450LO (σy = 450 MPa and σu = 500 MPa) according to AS3678. The stress analysis of each
weldment having specific profile size under specific cyclic loading is implemented using solid
and shell elements using linear material and geometry consideration. The stress results are
transferred to the embedded fatigue code nCode DesignLife for the residual life prediction.
For both variants of FE-mesh, the nominal stress in the weld toes is extracted by splitting the
total stress into membrane and bending components and filtering out non-linear component.
Considering the effects of bending, size and mean stress, failure locations and fatigue life are
predicted using the Volvo method and rules from ASME BPV Code. Three different pairs
of experimental SN curves are used including (1) generic seam weld curves from nCode De-
signLife, (2) from legacy nCode product FE-Fatigue, and (3) curves for the Japanese steel JIS
G3106-SM490B [3], which is equivalent to C350LO/C450LO. The numerical predictions are
compared to the experimental results [1, 2]. In addition to high computational costs, solid
elements approach requires a Weld Definition File (WDF), which describes the geometry of
weld toe together with a surface normal and another vector to define the orientation of the
weld. However, predictions with solid elements are not more than 30-10% different from pre-
dictions using shell elements, which do not require any extra efforts. Finally, the predictions
using the curves for SM490B steel demonstrate the best accuracy proving the fact that specific
material data input is more effective than a generic data.
References
[1] Mashiri, F.R. & Zhao, X.L., Fatigue tests and design of welded thin-walled RHS-RHS
and RHS-angle cross-beam connections under cyclic bending, Thin-Walled Structures 48,
pp. 159-168, 2010. DOI: 10.1016/j.tws.2009.07.006.
[2] Mashiri, F.R., Zhao, X.L. & Tong, L.W., Fatigue tests and design of welded thin-walled
RHS-Channel and Channel-Channel cross-beam connections under cyclic bending, Thin-
Walled Structures 63, pp. 27-36, 2013. DOI: 10.1016/j.tws.2012.09.002.
[3] Data Sheet on Fatigue Properties of Non-Load-Carrying Cruciform Welded Joints of
SM490B Rolled Steel for Welded Structure, NIMS Fatigue Data Sheets no. 91, 96, 99,
108, 114, NIMS: Tsukuba, Japan, (2003, 2004, 2006, 2009, 2011).
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11.03.2016 08:50 Daniel Juhre Schleinitzstrasse 23, Raum SN23.1
On the lifetime prediction for filled elastomers under preconditioning and varying R
ratio
Daniel Juhre (Otto von Guericke University Magdeburg), Maria Krause (German Institute of
Rubber Technology)
Rubber is increasingly utilized in many industrial applications like tires, dampers, seals and
medical equipment. In practical applications, it is hard to avoid a preconditioning of the rub-
ber components which is simply triggered by prestretching or -loading of these parts during
installation. In experimental investigations, the samples are supposed to be barely touched
before analyzing the fatigue behavior. It is not clear, if any preconditioning would lead to
a reduced or extended lifetime. However, to come closer to a realistic lifetime prediction
of filled elastomers, the preconditioning cannot be neglected. In this contribution the au-
thors will present a study of investigating the influence of preconditioning on rubber samples.
Conventional uniaxial tension tests are extended with different preloading and prestretching
conditions. The experimental tests show that the measured lifetime can depend on the applied
preconditioning. The kind of loading and the type of observed rubber are decisive. Using
the Model of Rubber Phenomenology (MORPH), which enables the numerical modelling of
the softening behavior for large deformed filled elastomers, simulations are performed. The
simulations consider the strain-history during loading cycles and allow a more realistic predic-
tion of lifetime. A final comparison of experimental and simulation results with and without
preconditioning concludes this study.
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11.03.2016 09:10 Natalya Vaysfeld Schleinitzstrasse 23, Raum SN23.1
The stress state of the finite cylinder with the circular and ring-shaped cracks
Natalya Vaysfeld (Odessa Mechnikov University), Yuriy Procerov (Odessa Mechnikov Uni-
versity)
The axisymmetrical tangent stress is applied to the lateral surface of the multi-layered elastic
finite cylinder with the fixed bottom face.The upper face of the cylinder is free from stress.
The layers are coaxial and the conditions of the ideal mechanical contact are fulfilled between
them. In the internal layer or circular or ring-shaped crack parallel to the cylinder’s faces with
the branches free from stress is situated. This problem is solved for the arbitrary quantity of
the layers. The concretization was done on the example of two-and three layered cylinder. The
evaluation of the cylinder’s stress state was done and the stress intensity factor was estimated
in dependence from the crack’s geometry, its situating and ration of the shear modulus.
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11.03.2016 08:30 Daniel Frank Hesser Pockelsstrasse 2, Raum PK2.2
Excitation strategies for vibration based damage detection using piezoelectric transduc-
ers and machine learning
Daniel Frank Hesser (RWTH Aachen University), Bernd Markert (RWTH Aachen University)
Damage detection methods of structural components have been extensively evaluated in the-
oretical and experimental research studies in the last few years. Recently, these methods find
their application in various structural health monitoring (SHM) systems ranging from civil
to aerospace structures. As the applications for SHM are broadly diversified, there is a wide
variety of research objectives, which are addressing the improvement of SHM technologies.
The focus for damage detection lies in the research of signal interpretation techniques. The
acquired data from a sensor network should be optimally evaluated in concern of environmen-
tal effects, whereas the big data flow itself requires a real-time interpretation. In this context,
machine learning algorithms are used to evaluate the health state of structures. This work
assesses the dependency of various excitation frequencies in guided-wave based SHM sys-
tems and the performance of damage detection, which are barely investigated, in particular
in SHM technologies using machine learning approaches. As a result, this study provides
a solution for an efficient and optimized signal interpretation model. Machine learning can
be directly used in SHM applications including environmental effects (noise, imperfection,
statistical tests, etc.) to train a new system and to solve the inverse problem. Finally, the
machine learning approaches are evaluated experimentally using a beam element and piezo-
electric transducers. Thereby, the piezoelectric effect is used to apply guided-waves through
the structure or to measure the vibration response of flexible structures. Furthermore, the
vibration response is needed to detect damage states. The important outcome of this study
is to improve the efficiency and performance of SHM systems by optimizing the excitation
frequency using machine learning approaches.
References
[1] Zhang, M., Schmidt, R.:Study on an auto-correlation-function-based damage in-
dex: Sensitivity analysis and structural damage detection, Journal of Sound and
Vibration, Volume 359, 22 December 2015, Pages 195-214, ISSN 0022-460X,
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11.03.2016 08:50 Michael Wünsche Pockelsstrasse 2, Raum PK2.2
Effects of micro-cracks in piezoelectric materials on the effective material properties
Michael Wünsche (Slovak Academy of Science), Jan Sladek (Slovak Academy of Sciences,),
Vladimir Sladek (Slovak Academy of Sciences)
Keywords: piezoelectric materials, representative volume element, micro-cracks, effective
material properties
Piezoelectric materials offers great possibilities in advanced engineering structures due to their
inherent coupling effects between mechanical and electrical fields. They are widely applied
in smart devices and structures like transducers, actuators and sensors [1]. A special feature
of piezoelectric ceramics is their low fracture toughness and micro-cracks can occur due to
fabrication or operational loads. Therefore, the investigation of micro-cracks and pores on the
effective piezoelectric material properties is of special scientific significance and engineering
importance. The multiscale modelling is a powerful tool to analyse the interaction between
the microscopic and macroscopic structure.
In this paper, a boundary element method will be developed and applied for boundary value
problems with piezoelectric representative volume elements (RVE) and real macroscopic struc-
tures. The RVEs can contain micro-cracks of arbitrary shape and pores. For this purpose, the
resulting boundary value problems are formulated as boundary integral equations (BIEs) [2].
The Galerkin method is used for the spatial discretization of the boundary to solve the BIEs
numerically. Several examples will be presented and discussed to show the efficiency of the
present Galerkin BEM, the influences of micro-cracks and pores on the effective material
properties.
References
[1] Kuna M., Fracture mechanics of piezoelectric materials - where are we right now ?.
Engineering Fracture Mechanics, 2010; 77: 309-326.
[2] Wünsche M., Zhang Ch., García-Sánchez F., Sáez A., Sladek J., Sladek V. Dynamic
crack analysis in piezoelectric solids with non-linear electrical and mechanical bound-
ary conditions by a time-domain BEM. Computer Methods in Applied Mechanics and
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11.03.2016 09:10 Volker Schippl Pockelsstrasse 2, Raum PK2.2
Simulation of short crack propagation using a hybrid boundary element technique for
anisotropic elastic solids under the influence of hydrogen
Volker Schippl (Universität Siegen), Sven Brück (Universität Siegen), Martina Schwarz (Uni-
versität Stuttgart), Claus-Peter Fritzen (Universität Siegen), Hans-Jürgen Christ (Universität
Siegen), Stefan Weihe (Universität Stuttgart)
Many structural elements are subjected to cyclic loading. These parts could fail after a critical
time due to damage accumulation. The cause for failure is initiated with a microstructurally
short crack which further grows depending on the applied cyclic loading. The total time to
failure could be dominated by the growth of these microstructurally short cracks.
As hydrogen is used as a renewable energy source, such as in the automotive industry, sev-
eral parts (f.e. storage tanks) are increasingly damaged due to the mechanical loading and the
present hydrogen environment. The different hydrogen induced mechanisms (internal pres-
sure theory [Zap41]), HELP, HEDE, HESIV and AIDE [Lyn03],. . . ) depend on the material,
the environmental effects (temperature and pressure) and the loading conditions. These mech-
anisms could not only occur separately, but also in combination and could change during the
different stages of fatigue crack growth.
To understand the influence of hydrogen on the short fatigue crack growth, a microstructurally
based model is used. The polycrystalline microstructure as well as the short fatigue crack
growth along slip bands is considered. If the critical shear stress in front of the crack tip is
reached, new slip bands will be formed. In the numerical model, the local hydrogen distribu-
tion influences the grain boundary resistance, the activation of new slip bands as well as the
flow stress along slip bands.
The slip along these slip bands as well as the relative displacements of the crack and the result-
ing shear stresses will be calculated in the corresponding three dimensional slip direction. The
resulting shear stresses are also influenced by considering the elastic anisotropic properties of
the individual grains. The local hydrogen concentration will be updated after each incremental
short fatigue crack growth, but is assumed to be in a steady-state condition.
The numerical method is based on the boundary element method using the displacement and
the stress boundary integral equation and the anisotropic elastic behavior is represented by the
corresponding fundamental solutions.
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08.03.2016 08:30 Felix Ockelmann Pockelsstrasse 2, Raum PK2.1
A three-dimensional discrete element model for porous materials under mechanical
loading
Felix Ockelmann (Institut für Statik der TU Braunschweig), Dieter Dinkler (Institut für Statik
der TU Braunschweig)
The Discrete Element Method (DEM) is a widespread method in the field of granular matter or
heterogeneous materials. It is very suited to capture discontinuities in materials or structures
respectively.
In order to model an elastic body, the microscopic DEM model must be able to represent the
macroscopic properties of the body. An energy-based method to determine the model pa-
rameters is presented and validated for an assemblage of 13 particles in the hexagonal close
packing of spheres. The stored strain energy in the unit cell described above is added up and
the specific strain energy expression then is derived with respect to the macroscopic strains.
The resulting stress-strain relations can be compared to the constitutive equations of the elastic
continuum.
To avoid shear locking effects for Poisson’s ratios above zero, an advanced octaeder-filled
hexagonal close packing of spheres is presented. A cube under different quasi-static loadings
is considered to validate the model. Results and convergence are shown and discussed.
This approach for regular lattices of homogeneous materials is then transferred to heteroge-
neous materials with the goal of describing porous media such as cement stone.
Due to a quaternion based formulation of rotation the computational effort of the contact eval-
uation is very low. Furthermore the DEM does have a high parallization capability for which
this model is very suited for HPC and investigations of heterogeneous materials with respect
to their micro structure.
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08.03.2016 08:50 Matthias Sabel Pockelsstrasse 2, Raum PK2.1
Particle Finite Element Simulations of Cutting Processes in Manufacturing
Matthias Sabel (TU Kaiserslautern), Christian Sator (), Ralf Müller ()
In many manufacturing techniques, the processed material undergoes large deformations and
separations. Especially in cutting processes, the formation of chips and burrs represents
large configurational changes, which lead to severe difficulties for the standard finite ele-
ment method (FEM). In order to overcome these problems, the particle finite element method
(PFEM) was introduced in [1]. The PFEM algorithm initiates by detecting the boundary of a
set of particles. This is carried out with the α-shape method, which was adopted in [1] from
the field of computer graphics [2]. The α-shape method is named after it’s crucial parameter
α that controls the shape of the detected boundary. For example if the value of α approaches
infinity, the convex hull of the set of particles will be detected, where as α = 0 will lead to
the result that no boundary segments are detected. However, if this method is applied to sim-
ulations in solid mechanics, the parameter α also effects the material response as shown in
[3]. Parameter studies on α lead to the assumption that a large value for α resembles a tough
material behavior, where brittle materials can be associated with small values. After detecting
the boundary, the particles are meshed, and a finite element problem is solved. The result
is then used to update the particles. This means that the particle coordinates are updated by
the displacements and the deformation gradient is projected to the particles for the next load-
ing step in the PFEM algorithm. To account for large deformations, a hyperelastic material
model is implemented, as well as a model for plasticity based on large deformations as in [4].
Since the plastic part of the deformation gradient is treated as a history variable, the influence
of the repeated projection from Gauß points to nodes and vice versa is studied by numerical
examples.
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[1] Oñate, S. R. Idelsohn, F. Del Pin, R. Aubry, The Particle Finite Element Method. An
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08.03.2016 09:10 Johannes Storm Pockelsstrasse 2, Raum PK2.1
Evaluation of structural mechanic approaches for elastic and elastic-plastic behaviour
of open-cell foams
Johannes Storm (TU Bergakademie Freiberg), Martin Abendroth (), Meinhard Kuna ()
Polyurethane based foams have a characteristic topology. Simulations of these complex struc-
tures require huge computational effort and main memory. Applying the method of compu-
tational homogenisation reduces the numerical cost significantly. But also the simulation of
representative volume elements of random structures quickly reaches technical limitations in
case of nonlinear material behaviour and converged finite element discretisations. Thus, sev-
eral model simplifications for foam topology and morphology are state of the art. This talk
focuses on the influence of structural approaches like beam and hybrid models on the elastic
and elastic-plastic behaviour of foams. The results of these models are compared to equivalent
continuum mechanic models to show their possibilities and limitations.
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08.03.2016 17:00 Anne-Kathrin Schaeuble Pockelsstrasse 2, Raum PK2.1
Variational mass scaling for explicit dynamics
Anne-Kathrin Schaeuble (Universität Stuttgart), Anton Tkachuk (Universität Stuttgart), Man-
fred Bischoff (Universität Stuttgart)
The primal goal of this contribution is the investigation of variationally consistent selective
mass scaling and variationally scaled reciprocal mass scaling techniques for higher order and
isogeometric finite elements. These approaches allow an increase of the critical time step size
for explicit time integration without substantial loss in accuracy in the lower modes.
In explicit dynamics, a calculation with consistent mass is computationally too intensive,
lumped mass may deteriorate accuracy, especially for higher order and isogeometric finite
elements. Therefore, new approaches combining sufficient accuracy with high efficiency are
to be sought.
For low order FEM, scaling of inertia to accelerate explicit dynamic simulations is a common
procedure. In conventional mass scaling (CMS) artificial mass is added only to the diagonal
terms of the lumped mass matrix and thus the diagonal form of the mass matrix is preserved.
However, translational and rotational inertia of the structure increases, which may cause non-
physical phenomena. In 2003, algebraic selective mass scaling (ASMS) was invented [1],
which added artificial terms both to the diagonal and non-diagonal entries of the mass matrix.
This method allows a significant increase of the critical time step with less non-physical effects
as the translational mass is preserved. A drawback is, that the method results in a non-diagonal
mass matrix and therefore the solution of a linear system of equations is required at each time
step.
In 2013 and 2014 variationally based selective mass scaling (VSMS) [2] and variationally
scaled reciprocal mass scaling (VSRMS) [3] have been presented. Starting point of both meth-
ods is a parametrized Hamilton’s principle, which imposes relations between the independent
fields. VSMS can be shown to be more accurate than ASMS for the same efficiency, but the
drawback of the non-diagonal mass matrix was not resolved. For VSRMS, a sparse inverse of
the mass matrix is obtained directly and thus allows a trivial solution for the accelerations.
In this contribution, the application of both VSMS and VSRMS to higher order and isogeomet-
ric finite elements are investigated and the approaches are compared with existing methods.
Choice of ansatz spaces regarding efficiency and accuracy are discussed and the efficiency of
the method is shown by numerical examples.
[1] L. Olovsson, K. Simonsson and M. Unosson, Selective mass scaling for thin walled struc-
tures modeled with tri-linear solid elements Comp. Mech., Vol. 34, pp. 134-136, 2004.
[2] A. Tkachuk, M. Bischoff, Variational methods for selective mass scaling. Comp Mech.,
Vol. 52, pp. 563-570, 2013.
[3] A. Tkachuk, M. Bischoff. Direct and sparse construction of consistent inverse mass ma-
trices: general variational formulation and application to selective mass scaling. Int. J. Num.
Meth. Engng. Vol. 101, pp. 435-369, 2015.
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Subspace-based reduced-order modeling methods for structural dynamic systems
Stefanie Tegtmeyer (Leibniz Universität Hannover), Udo Nackenhorst (Leibniz Universität
Hannover)
Detailed Finite Element computations of structural dynamic systems result in large systems of
equations. Solving these large systems is with the increasing computational power not impos-
sible, but in many cases it is necessary to save computational resources and time by reducing
the system size. The challenge of course is to keep an acceptable accuracy.
Methods to reduce large systems of equations are e.g. modal truncation, Krylov subspace
method, Proper Orthogonal Decomposition and (Guyan) condensation method. These meth-
ods all share one similar idea: The original system is projected onto a subspace. Though, the
determination of each subspace varies.
In this contribution a comparison of these subspace-based reduced-order methods is presented.
We study their efficiency and accuracy by applying them to structural dynamic systems.
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08.03.2016 17:40 Alexander Janz Pockelsstrasse 2, Raum PK2.1
Structure-preserving space-time discretization of nonlinear structural dynamics based
on a mixed variational formulation
Alexander Janz (Karlsruhe Institute of Technology), Peter Betsch (Karlsruhe Institute of
Technology), Christian Hesch (Karlsruhe Institute of Technology)
The present work deals with the design of structure-preserving numerical methods in the field
of nonlinear elastodynamics and structural dynamics. Structure-preserving schemes such as
energy-momentum consistent (EMC) methods are known to exhibit superior numerical stabil-
ity and robustness. Most of the previously developed schemes are relying on a displacement-
based variational formulation of the underlying mechanical model. In contrast to that we
present a mixed variational framework for the systematic design of EMC schemes. The newly
proposed mixed approach accomodates high-performance mixed finite elements such as the
shell element due to Wagner & Gruttmann [2] and the brick element due to Kasper & Taylor
[1]. Accordingly, the proposed approach makes possible the structure-preserving extension to
the dynamic regime of those high-performance elements. Numerical examples demonstrate
the advantageous properties of the newly developed numerical methods resulting from the
structure-preserving discretization in space and time.
References
[1] E.P. Kasper and R.L. Taylor. A mixed-enhanced strain method. Part II: Geometrically
nonlinear problems. Computers and Structures, 75(3):251–260, 2000.
[2] W. Wagner and F. Gruttmann. A robust non-linear mixed hybrid quadrilateral shell ele-
ment. Int. J. Numer. Meth. Engng, 64:635–666, 2005.
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08.03.2016 18:00 Michael Groß Pockelsstrasse 2, Raum PK2.1
Galerkin-based Energy-Momentum Time-Stepping Schemes for anisotropic hyperelas-
tic Materials
Michael Groß (Technische Universität Chemnitz), Rajesh Ramesh (Technische Universität
Chemnitz), Julian Dietzsch (Technische Universität Chemnitz)
For many years, the application of fiber-reinforced materials is steadily increasing in mechan-
ical engineering. These composites replace more and more traditional homogeneous materials
in lightweight constructions. Fiber-reinforced material parts are often manufactured from car-
bon fibers as pure attachment parts, or from steel for transmitting forces. Whereas attachment
parts are mostly subjected to small deformations, force transmission parts usually suffer large
deformations. For the latter, a geometrically non-linear formulation of these anisotropic con-
tinua is indispensable. A well-known example is a rotor blade, in which the fibers possess the
function of stabilizing the structure. For long-run numerical analyses of rotor blade motions,
we have to apply numerically stable and robust time integration schemes for anisotropic con-
tinua.
This work is an extension of the publication Erler N, Groß M (2015) Energy-momentum con-
serving higher-order time integration of non-linear dynamics of finite elastic fiber-reinforced
continua, Computational Mechanics, Volume 55, Issue 5, pp 921–942, which is in turn an
extension of the publication Groß M, Betsch P, Steinmann P (2005) Conservation properties
of a time FE method. Part IV: higher order energy and momentum conserving schemes. Int J
Numer Methods Eng 63:1849–1897 to a special anisotropic material class, namely a transver-
sally isotropic hyper-elastic material. In the latter work, higher-order accurate time integration
schemes are developed, with the focus on numerical stability and robustness in the presence
of stiffness combined with large rotations. In the former work, these advantages over standard
time-stepping schemes are combined with highly non-linear anisotropic material behaviour.
The corresponding time integrators preserve all conservation laws of a free motion of a hyper-
elastic continuum, which means the total linear and total angular momentum as well as the
total energy conservation law. Both are numerically advantageous, because it guarantees that
the discrete configuration vector is embedded in the physically consistent solution space. In
order to guarantee the preservation of the total energy, the transient approximation of the
anisotropic stress tensor is enhanced in connection with assumed strains.
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Structure analysis of higher-order variational integrators and implementation of Sund-
man adaptivity in time
Robin Masser (Technische Universität Chemnitz), Matthias Bartelt (Technische Universität
Chemnitz), Michael Groß (Technische Universität Chemnitz)
Variational integrators are a family of structure-preserving time integration schemes which
are derived from the discrete HAMILTON’s principle and are therefore, by definition, sym-
plectic. Using the Lagrange multiplier method and the LAGRANGE-D’ALEMBERT principle,
constraints and dissipative forces can be implemented in a variationally consistent manner,
respectively.
In this work, we investigate the use of different higher-order polynomial bases, namely LA-
GRANGE polynomials, LEGENDRE shape functions and B-Splines, for the temporal approx-
imation as well as various higher-order quadrature rules, namely GAUSS, RADAU and LO-
BATTO quadrature rules. The resulting time integration schemes partially differ in their nu-
merical properties, especially in convergence and energy error.
Another aspect we have studied, is the implementation of an adaptivity of the time increment to
optimize the computational effort. A time transformation into a transformed time according to
SUNDMAN is thereby an appropriate possibility. Using a non-system-specific control function,
equidistant time steps within the transformed time lead to non-equidistant time step sizes
within real time.
As numerical example, we use a one-dimensional continuum representing a flexible rope.
The convergence and structure preserving characteristics for used quadrature rules and tem-
poral polynomial bases are shown. The movement is influenced by different time-dependent
DIRICHLET boundary conditions. Using a further example with visco-elastic material behav-
ior that models a bungee jumper, we show the implementation of the time increment adaptivity
and its advantages to minimize the energy error.
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08.03.2016 18:40 Krzysztof Majcher Pockelsstrasse 2, Raum PK2.1
Application of time domain input-output method in experimental identification of dy-
namical parameters of plate-column structure subjected to kinematic excitation
Krzysztof Majcher (Wrocław University of Technology)
This work was inspired by the paper of Jarczewska et al., Identification of the structure param-
eters using short-time non-stationary stochastic excitation, published by Journal of Sound and
Vibration in 2011 year. In the cited study the authors proposed dynamical parameters identi-
fication of the linear structure using a non-stationary stochastic excitation process. The paper
presents a method based on transformation of dynamic problem onto the static one by the
integration of the excitation (input signal) and the dynamic response of structure (output sig-
nal). This is an original approach derived from the input-output methods in the time domain,
described e.g. in the work of Cunha & Caetano, Experimental modal analysis of civil engi-
neering structures (Sound and Vibration 40 (??)2006) 12-20). One of the problems discussed
in the paper of Jarczewska et al. is an identification of the stiffness matrix coefficients and the
eigenfrequencies of the multi-degree of freedom system subjected to kinematic excitation. In
the cited article the theoretical considerations as well as numerical examples were provided,
however obtained results and effectiveness of the proposed method were not verified against
experimental data.For this reason, in this paper it was decided to carry out experimental stud-
ies on the three-storey plate-column structure, which is a physical model of a building. The
model’s vibration were kinematically excited by using the earthquake simulator. This device
has a computer-controlled, moving table, which is able to make movements in three directions
independently: horizontally, vertically, and rotationally about a vertical axis.The aim of the
experimental analysis, presented in this paper, was to identify the dynamical parameters of
the model (stiffness, eigenfrequencies) using a time-domain input-output method, presented
in the cited work (Jarczewska et al.). Moreover, the effectiveness of this method, in the case of
kinematic excitation of a structure, was verified experimentally. It was assumed that during an
experimental tests the plate-column structure’s vibration are excited by horizontal component
of base motion in one direction only. A few different functions describing a kinematical ex-
citation, were considered. Selected results and conclusions from the conducted experimental
analysis were presented in this paper.
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Notes on a novel finite element for anisotropy at large strains
Nils Viebahn (University of Duisburg-Essen), Jörg Schröder (University of Duisburg-Essen),
Peter Wriggers (Leibniz University Hannover), Daniel Balzani (TU Dresden)
Applications of anisotropic materials undergoing large strains are widely spread in engineer-
ing. However, due to several locking phenomena, often related to incompressibility and/or
inextensibility, see [1] and [2], numerical solutions of boundary value problems could be fal-
sified. In order to avoid these locking phenomena special care must be taken with regard
to the anisotropic material response. For example in the framework of isotropic materials a
volumetric-isochoric split of the kinematical quantities has been successfully introduced to
circumvent the well known Poisson-locking, see for example [3]. Several authors, as for ex-
ample [4] or [5], have shown that the application of that split for the simulation of anisotropic
materials could lead to unphysical results.
This contribution introduces a novel mixed variational formulation with the goal to overcome
these locking problems in anisotropic hyperelasticity. Therefore, an additive split of the strain
energy into its isotropic and anisotropic parts is applied. This split preserves the structure of
polyconvex energy functions for anisotropic materials [6] and allows the application of al-
ready well-established discretization schemes for the isotropic part. Here, we utilize different
approximations of the deformation gradients for the isotropic and the anisotropic part. The
resulting additional constraint is attached to the strain-energy function by a second-order ten-
sorial Lagrange-multiplier. The proposed scheme turns out to behave quite robust, see [7].
References
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models for fiber-reinforced hyperelastic materials, IJSS 47 (2010), 2056–2061.
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on polyconvex free energy functions. IJSS 40 (2003), 401–445.
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anisotropy - Basic Ideas, Oberwolfach Reports 43 (2015), 31–33.
449
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p-version finite elements and finite cells for finite strain J2 plasticity problems
Aliakbar Taghipour (Isfahan University of Technology), Jamshid Parvizian (Isfahan Univer-
sity of Technology), Stephan Heinze (Hamburg University of Technology), Alexander Düster
(Hamburg University of Technology)
In computational finite strain plasticity, a lot of attention has been paid to the material model
development while the accuracy and efficiency of finite element discretizations have been less
considered. Finite strain plasticity computations are numerically very expensive due to the ma-
terial and the geometric nonlinearities. Large deformations may also distort the computational
mesh locally or globally. Furthermore, the material model may exhibit nearly incompressible
behaviour, for example, the well-known J2 plasticity theory. Due to its simple implementation,
the low-order finite element method (h-FEM) has been the first choice for a long time. How-
ever, recently a tendency is emerging towards the high-order finite element method (p-FEM).
One of the advantages of the p-FEM is its high rate of convergence as compared to h-FEM.
The standard h-version elements also suffer from volumetric locking, thus, a modification in
the formulation of these elements is required. However, the locking behavior can be overcome
using p-version elements simply by increasing the polynomial degree of the shape functions.
Furthermore, p-version elements are robust against high distortions [1, 2]. In addition, prac-
tical finite strain plasticity problems may exhibit very complicated geometrical features such
as in cellular materials. In this case, the Finite Cell Method (FCM), which is an extension of
p-FEM, can be used. It is a high-order fictitious domain approach simplifying the meshing
problem of highly complex geometries [3, 4].
In this paper, the p-FEM and the FCM with hierarchical shape functions are extended to the
finite strain J2 plasticity with nonlinear isotropic hardening. The accuracy and efficiency of the
p-FEM and the FCM in the finite plastic strain range is evaluated by the computation of some
benchmark problems. These results are verified in comparison with the results of h-version
elements in F-bar formulation.
References
[1] Düster A, Rank E (2002) A p-version finite element approach for two- and three-dimensional problems
of the J2 flow theory with non-linear isotropic hardening. International Journal for Numerical Methods in
Engineering 53:49-63.
[2] Düster A, Hartmann S, Rank E (2003) p-fem applied to finite isotropic hyperelastic bodies. Computer Meth-
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[3] Parvizian J, Düster A, Rank E (2007) Finite cell method – h- and p-extension for embedded domain problems
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Comparison of different least-squares mixed finite element formulations for hyperelas-
ticity
Alexander Schwarz (University Duisburg-Essen), Karl Steeger (University Duisburg-Essen),
Maximilian Igelbüscher (University Duisburg-Essen), Jörg Schröder (University Duisburg-
Essen)
The main goal of this contribution is the comparison of the approximation quality in geo-
metrically nonlinear elastic problems solved by the least-squares finite element method (LS-
FEM). Compared with other variational approaches as for example the Galerkin method, a
general drawback of least-squares formulations is the unsatisfying performance especially for
lower-order elements, see e.g. [1]. In the current work we present mixed elements based on
a first-order stress-displacement formulation resulting from a classical least-squares method,
see e.g. [2]. Besides others, special attention is drawn to a hyperelastic material model, which
is based on logarithmic deformation measures, see e.g. [3] . For the continuous approxima-
tion of the stresses Raviart-Thomas elements are used, while for the displacements standard
conforming elements are employed. We provide some numerical benchmarks with the main
focus on bending-dominated hyperelastic problems. The proposed formulations are compared
to standard and mixed Galerkin FEMs, in order to show the performance and accuracy.
References
[1] A. Schwarz, J. Schröder and G. Starke, A modified least-squares mixed finite element
with improved momentum balance, Int. J. Numer. Meth. Eng. 81 (2010) 286–306.
[2] A. Schwarz, K. Steeger and J. Schröder. Weighted overconstrained least-squares mixed
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classical return mapping schemes of the infinitesimal theory. Comput. Method Appl. M.
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An approach to image-based stress analysis using the scaled boundary finite element
method
Carolin Birk (Universität Duisburg-Essen), Chongmin Song (University of New SouthWales),
Albert A. Saputra (University of New South Wales)
Today, high resolution images of structures, biomedical details or the microstructure of mate-
rials can be obtained in a convenient and non-invasive way using digital imaging technologies
such as X-ray CT or magnetic resonance imaging (MRI). These digital images can provide the
basis of automatic mesh generation and computational analysis based on the colour intensity.
In this paper, a robust automatic mesh generation algorithm is presented, which is based on
interpreting the colour intensity values stored in a digital image as geometrical features and
material distribution. Highly structured quadtree (2D) or octree (3D) meshes are generated
from digital images. These structured meshes allow a rapid transition between element sizes
and are thus advantageous when highly irregular geometries or features at very different scales
prevail.
Stress analysis on such quadtree or octree meshes is facilitated by the scaled boundary finite
element method. Here, polygonal (2D) or polyhedral (3D) elements are developed, which
avoid the hanging nodes issue typically encountered when the finite element method is used
on quadtree or octree meshes. In a balanced quadtree or octree mesh, a limited number of cell
configurations exist. This is exploited in constructing only the element types that are encoun-
tered in a mesh and assigning the corresponding stiffness matrices to cells of the same type.
This process can also be automated and contributes to reducing the computational effort.
The proposed approach is verified studying 2D and 3D examples of static stress analysis prob-
lems with analytical solutions. Moreover, the versatility and applicability of the method is
illustrated by various examples including artificial and real microstructures.
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Solids in boundary representation - a NURBS based Galerkin formulation
Sven Klinkel (RWTH Aachen University), Lin Chen (RWTH Aachen University), Bernd
Simeon (TU Kaiserslautern)
The present approach deals with a numerical method for the static analysis of solids in bound-
ary representation. A formulation is derived where the geometrical description of the boundary
is sufficient for defining the elastic boundary value problem for the complete solid. The inte-
rior of the domain is described by a radial scaling parameter. Following the idea of the scaled
boundary finite element method [1] the scaling of the boundary with respect to a specified
scaling center provides the complete solid. This concept fits perfectly to the the boundary
representation modeling technique, which is frequently used in CAD to define solids. In
CAD the boundary of the solid is described by employing NURBS basis function. In the
isogeometric analysis methodology, [2], trivariate tensor product structure is used to analyze
solids. In the present approach the tensor-product structure of the solid will be reduced by
one dimension to parametrize the physical domain, i.e., the three-dimensional solid exploits
only two-dimensional NURBS objects, which parametrize the boundary surfaces. Hence, the
present approach represents perfectly to the isoparametric paradigm, see [3]. However, in [3]
the weak form of equilibrium is enforced on the boundary surface, this leads to an ordinary
differential equation (ODE) of Euler type, which could be solved by applying a collocation
scheme. In the present approach the weak form is employed on the boundary and in scal-
ing direction. The displacement response in the radial scaling direction is approximated by
one-dimensional NURBS. Finally, the Galerkin projection of the weak form yields a linear
system of equilibrium equations whose solution gives rise to the displacement response. In
conclusion, the presented method is able to analyze solids, which are bounded by an arbitrary
number of surfaces. Numerical examples will show the capabilities of the presented method.
The accuracy of the method is investigated by comparison to the analytical solution.
References
[1] C. Song, J. P. Wolf. The scaled boundary finite-element method-alias consistent infinitesi-
mal finite-element cell method-for elastodynamics. Comput. Methods Appl. Mech. Engrg.
147 (1997), 329–355.
[2] T. J. R. Hughes, J. A. Cottrell, Y. Bazilevs. Isogeometric analysis: CAD, finite elements,
NURBS, exact geometry and mesh refinement. Comput. Meth. Appl. Mech. Engrg. 194
(2005), 4135–4195.
[3] L. Chen, W. Dornisch, S. Klinkel. Hybrid collocation-Galerkin approach for the analysis
of surfacerepresented 3D-solids employing SB-FEM. Comp. Meth. Appl. Mech. Engrg.
295 (2015), 268–289.
457

09.03.2016 15:10 Josef Kiendl Pockelsstrasse 2, Raum PK2.1
Isogeometric phase-field modeling of brittle fracture in thin shells
Josef Kiendl (TU Braunschweig), Marreddy Ambati (TU Braunschweig), Laura de Lorenzis
(TU Braunschweig), Alessandro Reali (University of Pavia), Hector Gomez (University of A
Coruna)
Phase-field modeling of brittle fracture is a modern promising approach that enables a unified
description of complicated failure processes (including crack initiation, propagation, branch-
ing, merging), as well as its efficient numerical treatment [1]. In this work, we apply the phase-
field fracture approach to thin shells. For shell analysis, we use an isogeometric Kirchhoff-
Love shell formulation [2], which exploits the high continuity of the isogeometric shape func-
tions in order to avoid rotational degrees of freedom, and the same isogeometric basis is also
used for the discretization of the phase field. The elastic energy of the shell is composed of a
membrane and a bending part, where the membrane energy is further decomposed into tension
and compression by an operator split, as proposed in [3]. Several numerical examples and the
comparison to results obtained by solid/solid-shell formulations demonstrate the validity and
efficiency of the presented method.
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Rotation-free Shear Deformable Isogeometric Shell Finite Elements
Bastian Oesterle (Universität Stuttgart), Ekkehard Ramm (Universität Stuttgart),
Manfred Bischoff (Universität Stuttgart)
Isogeometric Analysis using NURBS as shape functions enable a smooth surface description
with higher inter-element continuity than standard finite elements. This opens up new pos-
sibilities in the analysis of thin-walled structures. An important advantage is straightforward
implementation of the classical Kirchhoff-Love thin shell theory which requiresC1-continuity
of the shape functions.
On this basis, also shear deformable theories can be formulated in an elegant way by hierar-
chically adding degrees of freedom. In earlier contributions, hierarchic rotations are added
to take into account transverse shear effects. It is, however, also possible to hierarchically
add displacements, resulting in truly rotation-free shear deformable isogeometric shell finite
elements. Apart from its conceptual elegance the latter formulation has the advantage of im-
proved quality of stress resultants compared to the former.
One remarkable feature of both formulations is that transverse shear locking is intrinsically
avoided already for displacement based discretizations without any further measures like ap-
plication of mixed methods or reduced integration.
Furthermore, extension of the shear deformable formulation based on hierarchic rotations to
the geometrically non-linear regime is discussed. It is shown how the hierarchic concept
provides a suitable framework to enrich Kirchhoff-Love shell elements with small shear rota-
tions, although the total rotations may be large. It is thus possible to treat shear deformable
shell problems with large rotations without actually dealing with the mathematically complex
treatment of large rotational degrees of freedom.
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Patch coupling with the isogeometric dual mortar approach
Wolfgang Dornisch (University of Kaiserslautern), Ralf Müller (University of Kaiser-
slautern)
The use of a common set of basis functions for design and analysis is the main paradigm of iso-
geometric analysis. The characteristics of the commonly used non-uniform rational B-splines
(NURBS) surfaces require methods to handle non-conforming meshes to attain an efficient
computational framework. The isogeometric mortar method uses constrained approximation
spaces to enforce a coupling of deformations at the interface between patches in a weak man-
ner. This method neither requires additional degrees of freedom nor the choice of empirical
parameters. The main drawback of the standard isogeometric mortar approach is the non-local
support of the mortar basis functions along the interface. This yields a large number of nodes
per element for elements adjacent to the interface. Thus, the computational costs increase
significantly for mesh refinement. This issue is remedied by the use of dual basis functions
for the mortar method, which is referred to as dual mortar method. In this contribution several
choices for the dual basis functions for B-splines are proposed and compared. A special focus
is set on the support of the dual basis functions and on the support of the resulting mortar basis
functions. Numerical examples show the influence of the choice for the dual basis functions
on the accuracy of the global stress distribution, on the fulfillment of the interface conditions
and on numerical efficiency. The use of approximate dual basis functions is shown to be
competitive to computations of conforming meshes in terms of accuracy and efficiency.
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Isogeometric Reissner-Mindlin shell analysis - employing different control meshes for
displacements and rotations
Georgia Kikis (RWTH Aachen University), Sven Klinkel (RWTH Aachen University)
The main purpose of this paper is the development and implementation of a method for the re-
duction of the so-called transverse shear locking effect in the isogeometric Reissner-Mindlin
shell formulation. In [1] an isogeometric Reissner-Mindlin shell formulation with an exact
interpolation of the director vector based on continuum mechanics was introduced. The nu-
merical examples showed that the accuracy and efficiency are increased. However, in the
context of isogeometric formulations there are only a few effective concepts for the reduc-
tion of shear locking effects for low polynomial degrees. In the work of Beirão da Veiga [2],
shear locking is prevented for a Reissner-Mindlin plate formulation by using suitable solution
spaces. Here, the method is extended to the Reissner-Mindlin shell formulation. Different
control meshes are used for displacements and rotations. Furthermore, the basis functions in
the direction of the relevant rotation are one degree less than the ones which are chosen for
the displacements. That leads to control meshes with different number and location of the
control points. For the analysis the same NURBS patch as the one for the geometry descrip-
tion is employed. Due to order elevation in one or the other direction it is modified for the
approximation of the displacements and rotations. Hence, the method is in accordance with
the isoparametric paradigm. In conclusion: the aim of the present project is to reduce trans-
verse shear locking by employing appropriate functional spaces for the displacements and the
rotations. The quality of the numerical results are assessed by comparison to the analytical
solution.
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Efficient numerical integration of arbitrarily broken cells using the moment fitting ap-
proach
Simeon Hubrich (Hamburg University of Technology), Meysam Joulaian (Hamburg Univer-
sity of Technology), Paolo Di Stolfo (University of Salzburg), Andreas Schröder (University
of Salzburg), Alexander Düster (Hamburg University of Technology)
In the standard finite element method the mesh generation can become labor-intensive, espe-
cially in cases where the physical domain of the underlying problem is composed of complex
geometries, pores, material interfaces, or cracks. To simplify the mesh generation process
various new discretization methods have been developed, for instance, the finite cell method
(FCM) that is based on the fictitious domain approach using high-order elements [1, 2].
In the FCM the physical domain is embedded into a fictitious domain resulting in an extended
domain of a simpler shape that can be easily discretized using structured meshes or Cartesian
grids. However, this simplification of the mesh generation leads to broken cells that do not
conform to the physical boundary which have to be taken into account during the integration
of the weak form of the underlying boundary value problem. Consequently, for these cells
special treatment for the numerical integration process is required since they obey integrals
with discontinuous integrands. To compute these integrals commonly an adaptive integration
scheme is used in the context of the FCM. In doing so, the broken cells are subdivided into sub-
cells using a quadtree (2D) or an octree (3D) and then standard Gauss quadrature is performed
on the resulting sub-cells. The advantage of the adaptive integration scheme is that it is robust,
fully automatic, and allows control over the integration error. However, in order to obtain
a high accuracy a fine sub-cell mesh is required for integration purpose which leads to a
large number of integration points that renders the numerical computation very expensive
– especially in non-linear applications where quantities like the stiffness matrix have to be
recomputed several times.
To reduce the number of integration points and to perform the numerical integration more effi-
ciently in this talk we present a new integration method based on the moment fitting approach
[3, 4]. The presented method is a generic approach for setting up an individual quadrature rule
over a domain of arbitrary shape by solving the moment fitting equation system, thus, it can
be applied to different applications using non-conforming meshes such as the eXtended and
generalized finite element method or the finite cell method [5]. In doing so, we generate an in-
dividual quadrature rule for each cut cell. To this end, we employ a B-rep representation of the
physical domain within the broken cells to compute the right-hand side of the moment fitting
equation system. Further, since the moment fitting equation system is nonlinear in terms of
the integration points, we introduce a method to optimize their position. To demonstrate the
performance we present several numerical examples for three-dimensional problems which
reveal that the proposed integration method is well suited for applications in the FCM and
that the results are very accurate. Moreover, we compare the proposed method to the adaptive
integration based on an octree subdivision and show that the number of integration points are
significantly reduced leading to a more efficient numerical integration.
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09.03.2016 17:20 Mark Schiebl Pockelsstrasse 2, Raum PK2.1
Thermodynamically consistent integration of coupled thermoelastic systems
Mark Schiebl (Karlsruhe Institute of Technology), Peter Betsch (Karlsruhe Institute of Tech-
nology), Christian Hesch (Karlsruhe Institute of Technology)
This work deals with the energy-momentum-entropy consistent integration of thermoelastic
systems. While energy-momentum preserving integrators are well-known for conservative
mechanical systems, Romero recently introduced in [6] a thermodynamically consistent (TC)
integrator for coupled thermomechanical systems. TC integrators also respect symmetries of
the underlying coupled system and are therefore capable of conserving associated momentum
maps.
A first step towards the systematic design of a TC integrator is to cast the evolution equations
into the GENERIC framework. GENERIC stands for General Equation for Non-Equilibrium
Reversible-Irreversible Coupling and has been originally proposed by Grmela and Öttinger for
complex fluids [3]. As a second step applying the notion of a discrete gradient in the sense of
Gonzalez [2] leads to a TC integrator.
The GENERIC-based framework reveals additional underlying physical structures of the ther-
modynamical system due to the separation of irreversible and reversible driving forces. Using
the entropy as the thermodynamical state variable as in [4, 6] the GENERIC framework yields
an easy structure. However, this choice of thermodynamical state variable leads to a restric-
tion in the material model and, more importantly, only allows to prescribe entropy Dirichlet
boundary conditions. This drawback can only be compensated by using Lagrange-multipliers
to be able to handle temperature Dirichlet boundary conditions, which unfortunately extends
the system of algebraic equations to be solved (see Krüger et al. [5]).
Alternatively, the present work uses the temperature as the thermodynamical state variable
(see also the recent work by Conde Martín et al. [1]).The temperature-based approach allows
to prescribe Dirichlet boundary conditions directly. The presentation will indicate the key dif-
ferences between the alternative choice of thermodynamical state variables and underlines the
differences and similarities by presenting numerical examples.
References
[1] S. Conde Martín, P. Betsch, and J.C. García Orden. A temperature-based thermodynami-
cally consistent integration scheme for discrete thermo-elastodynamics.Commun. Nonlin-
ear Sci. Numer. Simulat., 32:63–80, 2016.
[2] O. Gonzalez. Design and analysis of conserving integrators for nonlinear Hamiltonian
systems with symmetry.PhD thesis, Stanford University, 1996.
[3] M. Grmela and H. C. Öttinger. Dynamics and thermodynamics of complex fluids. i. de-
velopment of a general formalism.Physical Review E, 56(6):6620, 1997.
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09.03.2016 17:40 Hamid Reza Bayat Pockelsstrasse 2, Raum PK2.1
Reduced integration scheme applied in discontinuous Galerkin (dG) method
Hamid Reza Bayat (RWTH University Aachen)
To solve partial differential equations in computational mechanics, there are different finite
element methods, which are conventionally conforming. Nonetheless, recent methods are
enhanced with novel discretization techniques, where discontinuities are also permitted to
emerge. One of these non-conforming methods is the discontinuous Galerkin (dG), which
is presented in this paper. Compared to many standard Galerkin methods, the dG method
allows discontinuities among elements. The dG method is basically used in fluid mechanics
and acoustic problems, which is a motivation to investigate its performance and applications
in solid mechanics, as well. The drawback of adding more degrees of freedom in dG method
makes the computations expensive. To tackle this problem, in this paper we apply different
methods like reduced integration and reduction of degrees of freedom to lessen the time of
calculations.
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09.03.2016 16:00 Le Zhang Altgebäude (Schleinitzstrasse), Raum SN19.7
Simulation of Stiffness Analysis of Rubber Material Applied in Resilient Wheel
Le Zhang (RWTH Aachen University), Bernd Markert (RWTH Aachen University)
Resilient wheels are recognized for their beneficial effect to prevent squealing and impact
noise, and dynamic stress on unsprung masses [1]. Based on a certain type of resilient wheel
equipped on high-speed trains, the structure of rim and mounting parts are optimized to fulfill
the application requirements of the urban railway vehicles and build nonlinear finite element
models.
The rubber is a kind of a typical hyper-visco elastic material. The properties of rubber material
contain the characteristics of nonlinear, hysteresis, creep and stress relaxation. To facilitate the
application of a simplified procedure, the FE model is established to analysis the stiffness prop-
erties of resilient wheels based on hyperelastic material theory and linear viscoelastic theory.
The natural frequencies and corresponding mode shapes of the whole wheel and its separated
steel parts (rim and disk) are computed. The natural frequencies of each part under the same
or different vibration modes are discussed. The relationship of vibration mode and natural fre-
quency between the whole wheel and several parts of the wheel is analyzed. According to the
standard UIC 510-5 and EN 13979-1, the radial stiffness, axial stiffness, torsional stiffness and
deflection stiffness are analyzed by the finite element method. Although the Mooney-Rivlin
model is one of nonlinear hyperelastic models, the static stiffness of structure demonstrates
linear. However, it can reduce the dynamic loads both in the lateral and vertical directions
between the vehicle and the track [2]. Due to hyperelastic properties of rubber, the resilient
wheel shows significant nonlinear characteristics, which lead to the attenuation of vibration,
under dynamic loading.
Key words:
resilient wheel; finite element method; modal analysis; stiffness analysis
[1] Suarezl, B., Choverl, J.A., Rodriguezl, P.: Effectiveness of re-
silient wheels in reducing noise and vibrations, Proceedings of
the Institution Mechanical Engineers, Part F: Journal of Rail and
Rapid Transit, pp.225–545 (2011).
[2] Waltz, M.: Dynamisches Verhalten von Gummigefederten Eisen-
bahnraedern, Dissertation von der Fakult?t für Maschinenwesen
der RWTH Aachen (2005).
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09.03.2016 16:20 Pavel Sarkisov Altgebäude (Schleinitzstrasse), Raum SN19.7
Solving the linear inhomogeneous differential equation in the simulation model of pas-
senger car tire
Pavel Sarkisov (Technische Universität Dresden), Günther Prokop (Technische Universität
Dresden), Jörg Wensch (Technische Universität Dresden)
The paper represents an analysis of the most suitable methods to solve a specific practical
task – to find a solution of the inhomogeneous differential equation, which describes tire
deformation. Simulation model of a tire connects kinematic excitation of its flexible body
with the force response. The model incorporates flexible elements between rigid rim and road
surface. The calculation of their deflection is based on beam theory, their loading is described
with the road friction properties. Because of this complexity the whole set of equation could
be solved only by iterative process. The core of the cycle is a solving of linear inhomogeneous
differential equation (DE) of fourth order, which describes beam deflection y(x). The function
q(x) on the right-hand side of this equation is a discrete function.
EIyIV (x)−TyII(x)+ ky(x) = q(x) (1)
In order to find the most suitable computational method following techniques were com-
pared:
• Numerical solution by collocation method with polynom of fourth order as a basis func-
tion;
• Approximation of discrete function q(x) with linear segments and analytic solution of
DE in each interval between every pair of the discrete points;
• Approximation of discrete function q(x) with Fourier series and analytic solution of DE
in whole function domain, 20 terms;
• Expansion of the discrete function q(x) with polynom of third order, approximation of
a new function with Fourier series, analytic solution of DE in whole function domain;
10, 20 and 50 terms;
• Approximation of discrete function q(x) with Fourier series via Fast Fourier Transfor-
mation and analytic solution of DE in whole function domain.
Based on the comparison of computational time and calculation accuracy the paper provides
recommendation regarding the most efficient solving method for the specified task.
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09.03.2016 16:40 Abdelkrim Lamjahdy Altgebäude (Schleinitzstrasse), Raum SN19.7
Wear Simulation of a Disc Brake
Abdelkrim Lamjahdy (RWTH Aachen), Ali Malik (RWTH Aachen), Bernd Markert (RWTH
Aachen)
Aerosols are defined in the simplest form as a mixture of solid or liquid particles suspended
in a gas. There are two types of Aerosols, namely primary aerosols introduced directly into
the atmosphere and secondary aerosols particles introduced into the atmosphere by chemi-
cal reactions of gaseous components [1]. Brake dust is a primary aerosol and is generated
as a result of erosion between brake disc and brake pad. In the modern world, the means
for transportation are increasing on a daily basis. As a result the concentration of aerosols
in the environment is increasing, which is bringing adverse effects on the environment and
human health. The aerosols can cause visual disorder, heart and lung diseases, short term
acute symptoms like asthma, bronchitis and long term chronic irritation and inflammation of
the respiratory track, which can lead to cancer. Therefore, it is important to know which fac-
tors are affecting the erosion rate of brakes. The main objective of this work is to measure
the erosion rate of brake discs and brake pads, depending on temperature changes and defor-
mation by performing experiments and simulations at varying velocities and load conditions.
Finally, we compare and validate the results by using the erosion models of Finnie, Bitter
and Hashish [1].The general purpose, commercially available finite element solver Abaqus
is used for performing the thermomechanically coupled simulations. Temperature changes,
deformations and erosion rates are predicted with a Finite Element (FE) model. The erosion
rates are obtained by calculating total volume loss during the braking simulations. More-
over, experiments are conducted by using a pin on disc test bench. Temperature changes are
measured by using thermocouples, deformations by using capacity sensors and erosion rate
by measuring the total volume loss. At the end, relationships between erosion rate, defor-
mations and temperature changes for different brake disc velocities and load conditions are
discussed and theoretical, experimental and simulated results are compared and validated. [1]
Hinds, W.:Aerosol Technology: Properties, Behavior, and Mea-
surement of Airborne Particles, John Wiley & Sons, Vol. 2, 1999.
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09.03.2016 17:00 Lars Kanzenbach Altgebäude (Schleinitzstrasse), Raum SN19.7
Specimen design for high precision tension-compression tests
Lars Kanzenbach (Technische Universität Chemnitz), Christoph Naumann (Technische Uni-
versität Chemnitz), Jörn Ihlemann (Technische Universität Chemnitz)
The material behavior of elastomers towards high compression plays an import role for many
technical applications e.g. dampers, seals or rubber bushings.
In this contribution, a new specimen is presented. It has been developed with the help of FE-
simulations and enables compression up to a strain of 40% and tension up to 300%. Thereby,
a nearly homogeneous deformation field is still preserved. This specimen is manufactured
and tested. The accordance between simulation and experiment confirms the quality and the
potential of the new specimen within material testing.
Consequently, this specimen enables new possibilities in the field of material research. Phe-
nomenological characteristics of rubber, like Payne effect, Mullins effect, recovery and relax-
ation behavior, can be investigated in more detail. Moreover, it is suitable for a wide range
of applications e.g. cyclic or combined tension-compression tests. Thus, there is no need for
different types of specimens for tension or compression tests. In addition to material character-
ization, the new specimen can also be utilized for parameter adjustment of material models.
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09.03.2016 17:20 Sven Drücker Altgebäude (Schleinitzstrasse), Raum SN19.7
Finite element and simplified analytical calculation of an underwater glider-ship colli-
sion
Sven Drücker (Hamburg University of Technology), Dirk Steglich (Helmholtz-
Zentrum Geesthacht), Lucas Merckelbach (Helmholtz-Zentrum Geesthacht), Albert
Werner (Helmholtz-Zentrum Geesthacht), Swantje Bargmann (Hamburg University of
Technology/Helmholtz-Zentrum Geesthacht)
Underwater gliders became a common instrument to measure water properties in coastal re-
gions. With the help of a buoyancy engine they oscillate autonomously through the sea. As
they surface regularly for data transmission, the risk of a collision with fast ships is present.
To estimate the extent of damage in this scenario, 3D non-linear finite element simulations of
collisions between a glider and a high-speed craft with a glass-fiber reinforced plastic hull are
performed. Homogeneous material properties of the craft are calculated based on an indus-
try standard. To account for damage, a material model is used where the stiffness is linearly
reduced after a certain failure strain is reached. The finite element analysis is then compared
with an analytical solution from the literature. Here, the impact event is simplified as a two
dimensional problem considering substructures of the ship. The calculations involve two steps
and are based on the evaluation of the energy that has to be absorbed by structural parts. By
means of the two methods, different collision scenarios such as impact locations, angles of at-
tack and speeds are examined. Although both approaches indicate similar results, it is shown
that finite element simulations are required to account for the complex 3D shape of the ship.
The results reveal that at ship velocities exceeding 7.5 m/s (14.6 kn) the glider penetrates the
ship’s hull and causes severe damage to its structure.
References
[1] Drücker, S., Steglich, D., Merckelbach, L., Werner, A., Bargmann, S. Finite element dam-
age analysis of an underwater glider-ship collision. Journal of Marine Science and Technol-
ogy, 2015, 1-10.
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09.03.2016 17:40 Timo Stein Altgebäude (Schleinitzstrasse), Raum SN19.7
Numerical analysis of reinforced concrete structures with particular focus on bond be-
haviour
Timo Stein (Institut für Statik der Technischen Universität Braunschweig), Ursula Kowalsky
(Institut für Statik der Technischen Universität Braunschweig), Dieter Dinkler (Institut für
Statik der Technischen Universität Braunschweig)
Due to the broad field of application of reinforced concrete structures, a great importance is
attached to the prediction of stress-strain behaviour affected by mechanical loads as well as
environmental influences. Especially with regard to increasing relevance of lifecycle man-
agement systems the essential aging processes need to be taken into account, in order to
predict durability and estimate residual load carrying capacity of aged reinforced concrete
structures.
In the framework of continuum mechanics of porous media using finite element methods, cou-
pled THMC-processes are already modelled for pure concrete. The work to be presented aims
at taking a first step to introduce steel and bond behaviour into the existing model. Thereby the
influence of high temperatures should be considered. This leads to the choice of a bar-scale
model, wherein a spatial discretization of the reinforcement without explicit modeling of the
steel ribs is included.
Initially modelling of the bond behaviour is brought into focus. The presented non-linear bond
model is valid for room temperature and incorporates effects of mechanical interaction of the
bar rips with adjacent concrete as well as the damage of the bond zone. The bond model is
considered within interface elements, which describe curved surfaces in 3D space. Results of
numerical analysis of reinforced concrete structures are discussed with particular respect to
the stress-strain behaviour in the bond zone.
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10.03.2016 08:30 Christian Hesch Pockelsstrasse 2, Raum PK2.1
Geometrically exact beam theory for finite deformations
Christian Hesch (KIT), Simon Eugster (University of Stuttgart), Antonio Gil (Swansea Uni-
versity)
In this contribution, we present novel developments in the context of the geometrically exact
beam theory. In particular, we present first a novel beam kinematic using a director-based
theory formulated in skew coordinates [1] and second, a sophisticated polyconvex constitutive
law for large strain elasticity [2].
Nonlinear and geometrically exact beam formulations as introduced in the Simo beam model
[3] can be derived using three dimensional elasticity in a variational consistent manner. Avoid-
ing rotational degrees of freedom, we introduce a director field, related to the classical beam
strain measures and discretize them along the beam axis. This approach conserve algorith-
mically frame indifference and thus, angular momentum conservation in the discrete setting.
Since the director frame is interpolated, we lose the orthonormality condition and obtain a
large discretization error. Here, we present a new and elegant formulation using convected
coordinates to deal with the lack of orthonormality and to improve the numerical performance
dramatically.
Using the computational framework presented in [4] and expressing the strain energy function
in terms of the minors of the deformation gradient, the design of tailor-made constitutive laws
fulfilling appropriate convexity criteria in terms of the fibre, area and volume maps is feasi-
ble. Moreover, these constitutive laws can be reformulated in order to obtain a sophisticated
continuum degenerate polyconvex beam formulation. A series of examples will be presented
to demonstrate the accuracy of the proposed formulation.
References
[1] Eugster, S.R., Hesch, C., Betsch, P. and Glocker, Ch.: Director-based beam finite elements
relying on the geometrically exact beam theory formulated in skew coordinates, Int. J. Numer.
Meth. Engng 97(2), 111-129, 2014
[2] Ortigosa, R., Gil, A.J., Bonet, J. and Hesch, C.: A computational framework for poly-
convex large strain elasticity for geometrically exact beam theory, Computational Mechanics,
2015
[3] Simo, J. A finite strain beam formulation. The three dimensional dynamic problem. Part
I. Comput Methods Appl Mech Eng 49:55–70, 1985
[4] Bonet, J., Gil, A.J. and Ortigosa, R.: A computational framework for polyconvex large
strain elasticity. Comput Methods Appl Mech Eng 283:1061–1094, 2015
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10.03.2016 08:50 Daniel Materna Pockelsstrasse 2, Raum PK2.1
Efficient nonlinear reanalysis for structural modifications
Daniel Materna (Ostwestfalen-Lippe University of Applied Sciences)
This contribution presents an efficient reanalysis method for nonlinear problems. The main
objective is to predict the changes in the state variables due to given structural modifications
(design changes), e.g. the shape, the topology, material properties etc. Classical applications
with successive design steps are for instance structural optimization, reliability analysis or
structural damage analysis. In many cases hundreds or even thousands of different design
configurations are investigated and the state equation has to be solved for each design step.
The repeated structural analysis of large nonlinear problems involve significant computational
effort. An efficient reanalysis method can be used in order to reduce the overall computational
cost. In this paper an approach for nonlinear reanalysis based on residual increment approx-
imations (RIA) is presented. The method requires only the evaluation of residual vectors,
which can be done very fast and efficient. Moreover, the results are improved by using a ratio-
nal approximation method. The approach is general and can be applied to linear and nonlinear
problems with different kind of design modifications. Furthermore, the proposed reanalysis
method is easy to implement in existing finite element programs, because no derivatives with
respect to the design variables are necessary. The capability of the proposed framework is
demonstrated by means of computational examples from nonlinear elasticity.
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10.03.2016 09:10 Georgy Kostin Pockelsstrasse 2, Raum PK2.1
A variational approach to modelling and optimization of viscoelastic structure motions
Georgy Kostin (Institute for Problems in Mechanics RAS)
Control-oriented models are derived for viscoelastic structures with beam-like elements. A
modification of the method of integro-differential relations [1], which is based on a projection
approach and a suitable finite element technique, is employed to investigate the dynamics of
mechanical system with distributed and lumped parameters. To develop a real-time applica-
ble control algorithm, spectral analysis is first performed for the original structure. Then a
order reduction scheme converts the system to a simplified Bernoulli beam set with specific
boundary conditions. On the basis of the reduced model, a feedforward control strategy is
designed. The projection approach is based on an integro-differential statement of the initial-
boundary value problem of structure motions with the constitutive relations generalized in the
dimensionless form according to∫
Ω
(q · v+g · r)dxdt = 0 , ∀v,r ∈ L2(Ω,Rn) , Ω := (0,T )× (0,1) ,
(t,x) ∈Ω : pt = D¯s+ f ; t = 0 : w= w0(x), p= p0(x) ,
x= a ∈ {0,1} : Aaw+Bas= Cau+ f a ∈ Rm+n ,
where q := p−Mwt and g := s− KDw− RDwt . The spatial and angular displacements
w(t,x)∈Rn, the momentum density p(t,x)∈Rn, and the moment and force vector s(t,x)∈Rn
are unknown variables; v(t,x) and r(t,x) are a vector of virtual velocities and displacements.
The function u(t) ∈ Rk is the boundary control input. The mass matrix M(x), the stiffness
matrix K(x) and Rayleigh damping matrix R(x) define mechanical parameters of the beam-
like elements. The differential operators D¯ and D are diagonal with the respective components
dii = ∂ j/∂x j and d¯ii = (−1) j+1dii, where j = 2 for i ≤ m ≤ n and j = 1 for i > m. Here m
is the number of functions of lateral displacements, whereas n−m is the dimension of lon-
gitudinal and torsional motions. The linear operators Aa and Ba define the type of boundary
conditions, Ca are the control matrices. The vectors f (t,x) and f a(t) are functions of external
disturbances; w0(x) and p0(x) determine the initial structure state. Based on piecewise poly-
nomial approximations of both the trial variables w, p, s as well as the test functions v and r, a
semi-discretization scheme is worked out [1]. An explicit energy criterion is used to estimate
the solution quality. The control objective under consideration is to move the flexible structure
to a desired terminal state in a given time interval and to minimize the weighted mean elastic
energy E¯: J[u∗] = minu∈H1((0,T ),Rk) J[u] with J =
∫ T
0 u ·udt+ γE¯ (γ ≥ 0) subject to the ter-
minal constraints w(T,x) = w1(x) and p(T,x) = p1(x). Results of numerical simulations are
presented and compared with experimentally measured data from the experimental setup.
[1] Kostin G., Saurin V. Integrodifferential Relations in Linear Elasticity. De Gruyter, Berlin,
2012.
[2] Aschemann H., Kostin G., Rauh A., Saurin V. J. Comp. Syst. Sci. Int. 54 (2015),
294–306.
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10.03.2016 13:30 Ali Javili Pockelsstrasse 2, Raum PK2.1
Aspects of Growth-induced Instabilities in thin Films via a Multi-Layer Model
Ali Javili (TU-Dortmund), Emma Lejeune (Stanford University), Berkin Dortdivanlioglu
(Stanford University), Christian Linder (Stanford University)
The objective of this presentation is to establish a unified framework to study growth-induced
instabilities of bi-layer systems and extend that to tri-layer and eventually multi-layer systems
thereby both computational as well as theoretical aspects of the problem are addressed. The
bi-layer system consists of a thin film on a compliant substrate whereby the film undergoes
compressive stresses. When a film adhered to the substrate is subject to compressive stresses,
the film will experience a morphological instability. Instabilities due to compressive stresses
in materials lead to a variety of folding patterns. In general, potential sources of compressive
stress that can result in morphological instabilities are mechanical loading, confined thermal
loading, and confined or differential material growth and swelling. The common approach of
continuum mechanics to model these systems is based on the multiplicative decomposition
of the deformation gradient into its elastic and growth parts and therefore, such instabilities
are referred to as growth-induced instabilities. Common examples of instabilities in biolog-
ical tissues include folding of the brain and airways where malformation of folding in brain
or airways can signal abnormal evolution of the tissue, often related to serious fatal diseases.
Not only controlling instability is important in biological tissues, but it is also important for
recent applications of soft materials in electronic skin, stretchable electronics and material
characterization. Previous works approach these systems by treating the film and substrate
as homogeneous layers, either consistently perfectly attached, or perfectly unattached at in-
terfacial flaws. However, this approach neglects systems where the film and substrate are
uniformly weakly attached or where interfacial layers due to surface modifications in either
the film or substrate are present. Here we demonstrate a method for accounting for these ad-
ditional thin layers via an analytical solution verified by numerical results. The main outcome
of this work is an improved understanding of how these layers influence global behavior. Fi-
nally, the computational aspects are briefly reviewed since the problem of interest is fairly
non-standard due to its intrinsic complications associated with instabilities. References[1] A.
Javili, B. Dortdivanlioglu, E. Kuhl, and C. Linder (2015) Computational aspects of growth-
induced instabilities through eigenvalue analysis.
Computational Mechanics, 56(3):405–420, 2015.[2] E. Lejeune, A. Javili, and C. Linder
(2015) Understanding geometric instabilities in thin films via a multi-layer model.
Soft Matter, doi: 10.1039/C5SM02082D.
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10.03.2016 13:50 Melanie Todt Pockelsstrasse 2, Raum PK2.1
Influence of undulations on the thermo-mechanical behavior of thin film-substrate sys-
tems
Melanie Todt (TU Wien), Matthias Bartosik (TU Wien), Helmut Böhm (TU Wien), Franz G.
Rammerstorfer (TU Wien), Paul H. Mayrhofer (TU Wien)
In thin-film-substrate systems a mismatch between the coefficients of thermal expansion (CTE)
of the film and the substrate causes a – usually undesired – global bending under thermal load-
ing and may also lead to delamination of the film from the substrate. Interfacial undulations,
which may appear as an unwanted effect of the production process or be deliberately intro-
duced as a design property, may influence the thermo-mechanical behavior of such systems.
The present study investigates how and to which extent the characteristics of the undulations,
i.e., the wavelength and the amplitude, affect the thermo-mechanical behavior of thin-film-
substrate systems with respect to global bending and the susceptibility to delamination. For
this purpose a mathematical model is developed where the arising boundary value problem is
solved using the finite element method. For the mathematical model a thin sample is assumed,
where the thickness of the film is 5.0 µm being roughly 1/100 of the overall sample thickness.
The CTE and the elastic modulus of the film are taken to be larger then those of the substrate.
In a parametric study the amplitude to wavelength ratio of the undulations is varied from
0.0001 to 1, with undulation amplitudes ranging from 0.01 µm to 10 µm.
The results show that the mechanisms determining the global bending and the stress state in the
film-to-substrate interface in a thermally loaded sample depend on the amplitude and wave-
length of the undulations. Undulations with amplitudes larger than the film thickness enforce
bending of the thermally compressed film and, consequently, reduce the membrane stiffness
effect of the film. This leads to a reduction of the thermally induced global bending which is
– for a constant amplitude – more pronounced for shorter wavelengths. For amplitudes signif-
icantly smaller than the film thickness the global bending of the sample is dominated by the
membrane effect in the film and rather short wave lengths are required to obtain a measurable
reduction in global bending. However, the reduction of the global bending due to the undu-
lations has the downside that local tensile normal stresses appear in the interfaces with their
maxima in the wave crests. The tensile normal stresses generally increase with increasing
amplitudes and decreasing wavelength. Altogether, designing undulations in film-substrate
systems with respect to the objectives of low global bending and a low risk of delamination
lead to some sort of Pareto optimization problem.
Furthermore, the above model in combination with experiments can be used for an indirect
determination of thermo-mechanical material parameters of the film as well as the interface
strength which are not directly accessible experimentally, see [1].
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10.03.2016 14:10 Houman Mardani Pockelsstrasse 2, Raum PK2.1
The stresses in single lap joints with a functionally graded adhesive bondline: an effi-
cient modelling approach
Houman Mardani (TU Darmstadt), Nicolas Stein (TU Darmstadt), Wilfried Becker (TU
Darmstadt)
With the increasing use and importance of adhesive bonds in structural engineering a high de-
mand for the optimization of adhesive joint designs has arisen. For this purpose a fundamental
understanding of the mechanical behaviour is required. In particular, this includes the knowl-
edge about the load transfer and the resulting stresses in adhesive joints. Typically, adhesive
lap joint analyses yield a nonuniform stress distribution along the overlap length with stress
concentrations at the very ends of the overlap. In order to reduce the occuring stress concen-
trations several techniques have been developed. Besides modifications of the joint geometry,
functionally graded adhesives have proven to be successful regarding the reduction of stress
concentrations and joint strength optimization [1, 2, 3]. In functionally graded adhesive joints
the adhesive is modified such that the adhesive stiffness varies gradually along the overlap.
However, up to now analysis approaches for functionally graded adhesive joints are still not
well addressed.
In this work, an efficient model for the stress analysis of single lap joints with a functionally
graded adhesive bondline is proposed which considers peel as well as shear stresses in the
adhesive. The model takes into account the nonlinear geometric characteristics of a single lap
joint under tensile loading and allows for the analysis of various adhesive Young’s modulus
variations. The obtained stress distributions are compared to results of detailed Finite Element
analyses and show a good agreement for several single lap joint configurations. In addition,
different adhesive Young’s modulus distributions and their effect on the peel and shear stresses
as well as the influence of the adhesive thickness are studied and discussed in detail.
References
[1] R. J. C Carbas, L. F. M da Silva, G. W. Critchlow. Adhesively bonded functionally graded
joints by induction heating. International Journal of Adhesion and Adhesives, 48, 110–
118, 2014
[2] S. E. Stapleton, A. M. Waas, S. M. Arnold. Functionally graded adhesives for composite
joints. International Journal of Adhesion and Adhesives, 35, 36–49, 2012
[3] E. Sancakatr, S. Kumar. Selective use of rubber toughening to optimize lap-joint strenght.
Journal of Adhesion Science and Thechnology, 14 (10), 1265–1296, 2000
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10.03.2016 14:30 Georgios Michaloudis Pockelsstrasse 2, Raum PK2.1
Interface finite elements within a three dimensional frictional contact formulation with
an elastoplastic material law for the tangential interaction
Georgios Michaloudis (University of the Bundeswehr Munich), Alexander Konyukhov (Karl-
sruhe Institute of Technology), Norbert Gebbeken (University of the Bundeswehr Munich)
Numerous engineering applications involve interfaces which occur between different materi-
als. The behavior of such interfaces (such as in reinforced concrete or masonry walls) can
significantly dominate the behavior of the global structure, especially under specific load-
ing conditions. Thus, the numerical modeling of such structures must take into account the
presence of interfaces and properly describe the interaction of adjacent materials. A robust
description of the geometrical and material parameters of the interface must be ensured, espe-
cially in problems in which large deformations occur.
This contribution presents a finite element appropriate for the modeling of general interfaces,
incorporating normal contact conditions as well as description of the tangential interaction on
the interface. The finite element is formulated as a solid element based on the Master−Slave
[4] approach, while its kinematics take into account the kinematics of both Master and Slave.
A covariant approach is adopted for the exact representation of the geometry of the interface,
see [2], appropriate natural and convective local coordinate systems are introduced on the
contact surface and all parameters are expressed in terms of these local coordinates. After
the appropriate linearisation of the variational form, see [1], the Tangent Matrix of the normal
part is formulated taking into account the rotation of the contact surfaces, as well as their local
geometry.
The formulation is then enriched with an appropriate material law for the description of the
tangential interaction of the materials. "Load vs. relative displacement" diagrams resulting
from suitable experiments are used in order to derive an elastoplastic associative constitutive
law, which is numerically implemented as a frictional law, see [3], assuming plastic deforma-
tions. It is shown that if such a material model in applied instead of the widely used Coulomb
friction law a symmetric stiffness matrix for the tangential part is obtained, not only in the
case of "sticking" but also in the case of "sliding" when relative displacements occur on the
interface, since the non-associative nature of the Coulomb friction law is not incorporated.
Furthermore a continuous numerical integration scheme for the computation of the relative
velocities on the interface is presented, which enables the interface finite elements to describe
problems with large deformations. In this way a three-dimensional Segment-to-Segment fric-
tional contact formulation with linear and quadratic approximations for the modeling of arbi-
trary interface phenomena is presented.
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10.03.2016 14:50 Anton Köllner Pockelsstrasse 2, Raum PK2.1
Post-critical behaviour of delaminated composites
Anton Köllner (Technische Universität Berlin), Christina Völlmecke (Technische Universität
Berlin)
A method capable of modelling damage growth within the framework of a general structural
stability analysis is presented and applied to the problem of a delaminated composite plate
subjected to an in-plane compressive load. Therefore, the conventional total potential energy
(Π) approach is extended by introducing an extended total potential energy-like function (Π∗)
capable of describing certain inelastic processes such as stable delamination growth.In the
formalism, systems are described by I generalized coordinates (qi) and K damage parame-
ters (ξk). Quasi-static deformation processes are considered. In stable damage processes the
damage parameters may be derived as functions of I generalized coordinates and the load
parameters (Pm), i.e. ξk(qi,Pm), by equating expressions for the thermodynamic force and
the force required for a change in structure. Such functions are inserted in the underlying
variational principle for inelastic solids. The solution of the variational principle describes the
deformation paths of the systems while considering possible damage growth. The evolution of
the K damage parameters may be calculated by inserting the solutions for loads and general-
ized coordinates into ξk(qi,Pm).The formalism is applied to a multi-layered composite plate of
differently stacked transversally isotropic unidirectional layers. A pre-existing delamination is
assigned in between two layers. First, by evaluating the energy release rate (G) it is determined
whether a stable damage process occurs. Subsequently, the variational principles for conser-
vative and inelastic processes are applied. The problem is solved using the RAYLEIGH-RITZ
formulation leading to a set of non-linear algebraic equations comprising post-critical equilib-
rium paths and damage propagation, i.e. delamination growth. Thus, contrary to pre-existing
semi-analytical models the postbuckling response is not limited to stationary delamination
lengths.
499

10.03.2016 15:10 Iulian Girip Pockelsstrasse 2, Raum PK2.1
On the acoustics of sonic composites
Iulian Girip (Institute of Solid Mechanics, Romanian Academy)
The goal of this paper is to discuss the technique of controlling the mechanical properties
of sonic composites. The idea is to architecture the scatterers and material from which they
are made, their number and geometry in order to obtain special features in their response to
external waves. We refer to perfectly reflecting of acoustical waves over a desired range of
frequencies or to prohibit their propagation in certain directions, or confining the waves within
specified volumes [1, 2]. The internal structure of the material has to be chosen in such a way
that to avoid the scattering of acoustical waves inside the material. This is possible if certain
band-gaps of frequencies can be generated for which the waves are forbidden to propagate in
certain directions. These band-gaps can overlap due to reflections on the surface of thick scat-
terers, as well as due to wave propagation inside them. The modified Kronecker sequuences
are used to obtain virtual overlaping techniques [3]. [1] Chiroiu, V., Bris¸an, C., Popescu,
M.A., Girip, I., Munteanu, L., On the sonic composites without/with defects, Journal of Ap-
plied Physics, vol. 114 (16), pp. 164909-1-10, 2013. [2] Munteanu, L., Chiroiu, V., Donescu,
St., Bris¸an, C., A new class of sonic composites, Journal of Applied Physics, 115, 104904,
2014. [3] I. Girip, L. Munteanu, Modeling of non-stationary vibration signals based on the
modified Kronecker sequences, PAMM- Proceedings in Applied Mathematics and Mechan-
ics, vol. 15, iss 1, 195-196, work presented to 86th Annual Meeting of GAMM hosted by
Università del Salento March 23-27, 2015.
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10.03.2016 17:00 Johanna Eisenträger Pockelsstrasse 2, Raum PK2.1
Analysis of boundary layer effects in laminated glasses and photovoltaic panels with a
user-defined finite element
Johanna Eisenträger (Otto-von-Guericke-Universität Magdeburg), Konstantin Nau-
menko (Otto-von-Guericke-Universität Magdeburg), Holm Altenbach (Otto-von-Guericke-
Universität Magdeburg)
Laminated plates and solar modules are composed of three layers, whereas the core layer,
comprising the solar cells and their encapsulation, is much more shear-compliant than the
skin layers. If the difference in stiffnesses becomes too large, first-order shear deformation
theories cannot be applied to these laminated plates. For this reason, a layer-wise theory for
plates has been introduced in [Naumenko, Eremeyev. A layer-wise theory for laminated glass
and photovoltaic panels. Composite Structures 112 (2014), 283–291].
This contribution presents a user-defined quadrilateral Serendipity element with quadratic
shape functions and nine degrees of freedom. In order to determine the element stiffness
relation, the principle of virtual work is deduced starting with the governing equations of the
layer-wise theory. The element formulation is implemented into the Abaqus FE code using the
subroutine “User Element”. In order to verify the results of the user-defined element, closed
form analytical solutions are referred to the layer-wise theory. Furthermore, several bench-
mark problems are developed to examine the accuracy of the element for a wide range of
material properties including the limiting cases of shear compliant and shear rigid laminates.
Finally, the element is used to examine the influence of boundary conditions with respect to
additional degrees of freedom and to represent boundary layer effects accurately.
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10.03.2016 17:20 Michael Gfrerer Pockelsstrasse 2, Raum PK2.1
Layer-wise theory and finite elements for laminated poroelastic shells
Michael Gfrerer (Graz University of Technology), Martin Schanz (Graz University of Tech-
nology)
In order to optimize structural components with respect to vibroacoustic properties, multi-
layered configurations are applied, which consist of a number of different materials. In the
present approach, we consider layers of (visco)elastic or poroelastic material in arbitrarily
curved shell structures. As the focus lies on acoustic applications, we assume a harmonic time
dependency of all field quantities, i.e. computations are performed in frequency domain.
The input data for the geometry is a parametrization of the reference surface and the thickness
information of each layer. During the whole computation, the exact parametrisation is kept.
Therefore, no approximation of the shell volume is made [1]. Derivatives of the parametrisa-
tion are computed numerically, which allows the use of an arbitrary parametrisation.
The elastic layers are modeled with linearized elasticity theory, whereas the poroelastic layers
are modeled with the u− p formulation of Biot theory [2]. This implies that the displacement
field is present in each layer, whereas a pressure field occurs only in the poroelastic layers.
The three-dimensional problem is reduced to a two-dimensional one by choosing a set of
through-the-thickness functions for each quantity and by through-the-thickness integration. In
order to take shear deformations and three-dimensional material laws into account, we extend
the seven-parameter model [3]. We have chosen the bottom and top displacements with respect
to a Cartesian coordinate system of each layer, plus a layer internal quadratic displacement
in normal direction for the through-the-thickness kinematics. For the pressure variable, the
bottom and top pressure, plus a variable number of layer internal variables are the unknowns
after the thickness discretization. Integration through-the-thickness is performed numerically
with Gauss-Legendre quadrature without any assumptions. Therefore, no restrictions on thin
or shallow shells are made.
The high order finite element approach for the reduced problem on the reference surface relies
on hierarchical shape functions based on integrated Legendre polynomials. We demonstrate
the validity of the implementation with a convergence analysis based on manufactured solu-
tions. Furthermore, the developed code is applied to a vibroacoustic problem.
[1 ] RA Arciniega and JN Reddy. Tensor-based finite element formulation for geometri-
cally nonlinear analysis of shell structures. Computer Methods inApplied Mechanics
and Engineering, 196(4):1048–1073, 2007.
[2 ] Jean Allard and Noureddine Atalla. Propagation of sound in porous media. John
Wiley & Sons, 2nd edition, 2009.
[3 ] M Bischoff, K-U Bletzinger, WA Wall, and E Ramm. Models and Finite Elements for
Thin-Walled Structures. In E Stein, R de Borst, and T.J.RHughes, editors, Encyclopedia
of computational mechanics, volume 2, pages59–137. Wiley Online Library, 2004.
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10.03.2016 17:40 Maximilian Igelbüscher Pockelsstrasse 2, Raum PK2.1
On the Performance of the Hellinger-Reissner Finite Element Formulations for Elasto-
Plasticity at Small Strains
Maximilian Igelbüscher (University of Duisburg-Essen), Jörg Schröder (University of
Duisburg-Essen), Alexander Schwarz (University of Duisburg-Essen)
In the context of stress-displacement mixed finite element formulations for elasto-plasticity
at small strains based on a Hellinger-Reissner functional different approaches for fulfilling
the flow rule and the radial return algorithm are discussed. Based on [1] an enforcement of
the flow rule over the entire element domain including all Gauss points within the element
is postulated. According to the often used approach within standard displacement and mixed
finite element formulations we also fulfill the flow rule and therefore the radial return algo-
rithm are enforced point-wise at each Gauss point. The necessity for the special treatment of
the radial return algorithm following [1] occurs due to the mixed finite element formulation
based on a Hellinger-Reissner type of functional and an independent stress interpolation. Re-
lated to the statements given in [1] both approaches element- and point-wise enforcement of
the radial return algorithm are discussed. A mixed finite element formulation on the basis of
a Hellinger-Reissner functional for elasto-plastic material behavior at small strains is intro-
duced, see [2] where a point-wise enforcement is given. In this contribution the displacement
field is approximated with standard Lagrangian shape functions and the independent stress
field is interpolated element-wise discontinuously using a five-parameter stress approach pub-
lished by [3]. A numerical investigation of the performance of the methods is done regarding
some numerical benchmarks. In order to validate and compare the element efficiency and per-
formance results of the standard Galerkin formulation for point-wise enforcement of the flow
rule within small strain elasto-plasticity are used.
References
[1] J.C. Simo, J.G. Kennedy and R.L. Taylor, Complementary mixed finite element formula-
tions for elastoplasticity. Computer Methods in Applied Mechanics and Engineering, 74,
177–206, 1989.
[2] J. Schröder, O. Klaas, E. Stein and C. Miehe, A physically nonlinear dual mixed finite
element formulation. Computer Methods in Applied Mechanics and Engineering, 144,
77–92, 1997.
[3] T.H.H. Pian and K. Sumihara, Rational approach for assumed stress finite elements. In-
ternational Journal for Numerical Methods in Engineering, 20, 1685–1695, 1984.
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10.03.2016 18:00 Patrick Schneider Pockelsstrasse 2, Raum PK2.1
On a-priori error estimates for consistent, refined theories for thin structures
Patrick Schneider (University of Bremen - BIME), Reinhold Kienzler (University of Bremen -
BIME)
The consistent-approximation approach is a dimension-reduction procedure. It allows for a-
priori assumption-free derivations of refined theories for thin structures from the settled three-
dimensional theory of linear elasticity by truncation of the potential energy.
In the talk, we propose an extension of the method towards the simultaneous truncation of
the associated dual energy. In this way, we derive a hierarchy of approximating theories and
provide the proof of an a-priori error estimate for their solutions, for the special case of a
homogeneous, one-dimensional structural member with rectangular cross-section.
The estimate implies the convergence of the solutions towards the exact solution of three-
dimensional elasticity as the thickness tends to zero. Furthermore, the error of the Nth-order
one-dimensional theory solution decreases like the (N+ 1)th-power of characteristic param-
eters that describe the relative thinness of the structure. Therefore, a considerable gain of
accuracy can be expected from higher-order theories, if the structure under consideration is
sufficiently thin, which in turn provides the mathematical justification of the proposed model-
ing approach.
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10.03.2016 18:20 Heinz Zorn Pockelsstrasse 2, Raum PK2.1
Optimization of the Orientation of Axes of Orthotropy in Shell Constructions made of
Orthotropic Materials
Heinz Zorn (Universität Trier), Volker Schulz (Universität Trier)
Shell structures made of modern composite materials have excellent mechanical properties
combined with low weight. In this talk, an iterative method for minimizing the compliance of a
shell construction made of orthotropic material is presented. For a given stress field the optimal
pointwise alignment of the material is determined. For this, the strain energy is represented
by trigonometric polynomials, depending on the orientation angle of the axes of orthotropy
and is minimized by determining the roots of complex polynomials. The optimization method
is applied to weighted multiple load cases and a regularization technique for smoothing the
material orientation is presented. The method is applied to the minimization of the compliance
of a model wing made of fiber reinforced composite and numerical results are presented.
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10.03.2016 18:40 Eray Arslan Pockelsstrasse 2, Raum PK2.1
Thermally loaded thick-walled cylindrically curved aluminum/steel-FGM-panel
Mehmet Haskul (Inonu University), Eray Arslan (Inonu University), Werner Mack (TU Wien)
Cylindrically curved panels occur in many technical devices, and they often are subject not
only to mechanical but also to thermal loads. Thin-walled structures of this type occur in
aircrafts and spacecrafts, for example, and can be treated by one of the various shell theories.
Due to their advantageous properties, nowadays in many cases shells of functionally graded
material (FGM) are considered. It is recalled that, in a structure made of FGM, the material
properties vary continuously, and can - to a certain extent - be tailored in order to meet dif-
ferent requirements [1]. Hence, a number of investigations on thin-walled thermally loaded
FGM-shells exists [2]. However, these studies are restricted to mere thin-walled structures. As
a matter of course, the theories established for such shells cannot be applied to thick-walled
panels. Hence, it is the aim of the present study to supplement results already available for
radially heated homogeneous cylindrical panels of this type [3,4] with those for an analogous
FGM-panel.
In particular, a thick-walled cylindrically curved FGM-panel with all the material properties
(except Poisson‘s ratio) varying in radial direction according to consistent power laws with
uniform grading exponent in radial direction under generalized plane strain is considered. The
cases of a homogeneously heated cylindrical outer surface and cylindrical inner surface at
reference temperature as well as vice versa are taken into account, and it is a reasonable ap-
proximation to presume that the temperature varies only in radial direction. Moreover, it is
presupposed that the supports of the panel allow a displacement in circumferential direction
and that the initial middle surface does not suffer a radial displacement. Furthermore, the
plane faces keep intersecting each other in the cylinder axis of the structure, and this holds
then also for any material plane containing the cylinder axis. Hence, heating leads to couples
at the ends and thus to a state of pure bending.
Analytical expressions for the stresses and displacements in the FGM-panel under considera-
tion are derived, and the effects of various degrees of grading are discussed. Moreover, special
attention is paid to the elastic limits; as criterion for the onset of yield the one of von Mises
is applied. While particularly aluminum/steel FGM-panels are discussed, the general results
nevertheless are applicable to any FGM with similar ratios of the material properties of the
constituents.
References
[1] J.J. Sobczak, L. Drenchev. Metallic functionally graded materials: a specific class of ad-
vanced composites. J. Mater. Sci. Technol. 29 (2013), 297-316.
[2] H.-T. Thai, S.-E. Kim. A review of theories for the modeling and analysis of functionally
graded plates and shells. Comp. Struct. 128 (2015), 70-86.
[3] E. Arslan, W. Mack, U. Gamer. Elastic limits of a radially heated thick-walled cylindri-
cally curved panel. Forsch. Ingenieurwes. 77 (2013), 13-23.
[4] E. Arslan, M. Haskul. Generalized plane strain solution of a thick-walled cylindrical panel
subjected to radial heating. Acta Mech. 226 (2015), 1213-1225.
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10.03.2016 19:00 Jarosław Rusin Pockelsstrasse 2, Raum PK2.1
Vibrations of a beam-string complex system under a moving force
Jarosław Rusin (University of Zielona Góra)
In this paper, the dynamic response of an Euler-Bernoulli beam and string system traversed
by a constant moving force is considered. The force is moving with a constant velocity on
the top beam. The complex system is finite, simply supported, parallel one upon the other
and continuously coupled by a linear Winkler elastic element. The classical solution of the
response of a beam-string system subjected to a force moving with a constant velocity has a
form of an infinite series. The main goal of this paper is to show that in the considered case the
aperiodic part of the solution can be presented in a closed, analytical form instead of an infinite
series. The presented method of finding the solution in a closed, analytical form is based on
the observation that the solution of the system of partial differential equations in the form of
an infinite series is also a solution of an appropriate system of ordinary differential equations.
The dynamic influence lines of complex systems may be used for the analysis the complex
models of moving load. Keywords: vibration complex system, moving load, closed-form
solution.
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11.03.2016 08:30 Tim Weidauer Pockelsstrasse 2, Raum PK2.1
Eigenpath Analysis of Rotating Mechanical Systems based on ALE-Formulation
Tim Weidauer (Friedrich-Alexander-Universität Erlangen-Nürnberg), Kai Willner
(Friedrich-Alexander-Universität Erlangen-Nürnberg)
For solving finite element problems subjected to large mesh distortion and movements, a so-
called ALE-approach (ALE = Arbitrary LAGRANGIAN-EULERIAN) as presented in [1] and [2]
can be employed. Its basic principle focusses on introducing an arbitrarily moved reference
configuration X (B), which coincides neither with the material nor the spatial configuration
X(B) and x(B). Thus, the time-dependent map φ(X, t) from material to spatial domain can
be decomposed into
φ = φˆ ◦X ,
whereX yields a reference configurationX (B) and φˆ transforms this preliminary state into
the body’s final spatial positioning x(B):
x(B) = φ(X, t) = φˆ(X (X, t)︸ ︷︷ ︸
ref. config.
, t), with X= X(B).
For rotating systems, the ALE-approach shows a special characteristic since the rigid body
rotation in its role as guiding movement X is known from the start. It enables neglection of
the rotational displacements for the mesh, when convection terms in the momentum and con-
tinuity equations are considered. This way, the mesh remains still in its initial position, which
facilitates coupling of the rotating body with other, static components via frictional contact.
When bodies start to rotate, they alter their dynamic behaviour characterised by the eigen-
values and eigenvectors. One has to account for gyroscopic and inertia effects, whereby the
gyroscopic terms lead to asymmetry in the imaginary parts of the formerly conjugated com-
plex eigenvalues. This parameter-dependent asymmetry, unique for every single pair of eigen-
values, induces a split in the eigen frequencies of the system. For tracking the paths of the
eigenvalues under increasing spin velocity, e.g. the eigenpaths, a continuation algorithm as in
[3] was implemented. In combination with the ALE-functionality, it enables further research
in the field of oscillation behaviour of rotating mechanical systems.
References
[1] Nackenhorst U.: Numerische Analyse der Dynamik rollender Körper mit der Finite Ele-
mente Methode. Habilitation, IfM, Universität der Bundeswehr Hamburg, 2000.
[2] Belytschko T., Kam Liu W., Moran B., Elkhodary K.: Nonlinear finite elements for con-
tinua and structures. John Wiley & Sons, 2013.
[3] Gaul L., Wagner N.: Eigenpath Dynamics of Non-conservative Mechanical Systems such
as Disc Brakes. IMAC XXII Dearborn, Michigan, pages 26-29, 2004.
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11.03.2016 08:50 Ismail Caylak Pockelsstrasse 2, Raum PK2.1
PC expansion for material parameters using artificial data and statistical methods
Ismail Caylak (Paderborn University), Nicole Nörenberg (Paderborn University), Rolf
Mahnken (Paderborn University)
This work deals with the generation of artificial data (e.g. [1] and [2]) based on experimental
data for rubber materials and the application of this data to parameter identification as well
as a statistical analysis of parameters with determination of PC coefficients. In reality there
are only a very limited number of experimental data available. Therefore, the prediction of
material behaviour is difficult and a statistical analysisis almost impossible.One general frame-
work to avoid this limitation is the generation of artificial data.This can be achieved based on
a non-linear regression function in combination with an autoregressive moving average pro-
cess (ARMA) [2].Artificial data increase the number of available experimental data under the
assumption of normal distribution. In order to prove this assumption a detailedinvestigation
has been made for three rubber materials each with 150 experimental data.Therefore, artifi-
cial data based on different sample sizes (e.g. 15 and 50 experimental data) are generated
and compared to the 150 experimental data. Histograms and confidence intervals were stud-
ied.It can be summarized that the investigations show a good agreement to the assumption.The
artificial data were then used for parameter identification of an Ogden material model includ-
ing a statistical analysis of material parameters. The representation of different distributions
and the detection of correlations between material parameters is obtained.The non-linear elas-
tic material parameters are stochastic variables and are expanded with the polynomial chaos
expansion (PCE). This expansion allows the representation of stochasticvariables by deter-
ministic PC coefficients. One possibility in order to calculate the deterministic PC coefficients
is the stochastic collaction method [3]. Finally, thePCE is used for the formulation of the
constitutive equations of an Ogden material model, whichleads to a stochastic finite element
formulation at large deformations.
[1] S. Schwan, Identifikation der Parameter inelastischer Werkstoffmodelle: Statistische Anal-
yse und Versuchsplanung. Diss. Shaker, 2000.
[2] N. Nörenberg and R. Mahnken, A stochastic model for parameter identification of adhesive
materials. Arch. Appl. Mech. 83 (2013), 367 - 378
[3] B. J. Debusschere et al.,Numerical Challenges in the Use of Polynomial Chaos Represen-
tations for Stochastic Processes. Comput Vis Sci 10 (2007), 3 - 15
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11.03.2016 09:10 Franz Bamer Pockelsstrasse 2, Raum PK2.1
A Nonlinear Deterministic Mode Decomposition Strategy for High-Dimensional Monte
Carlo Simulations
Franz Bamer (RWTH Aachen University), Bernd Markert (RWTH Aachen University)
The evaluation of the probability of failure of nonlinear behaving structures to random excita-
tions represents a demanding issue in engineering. Several papers distinguish the formulation
of equivalent linear systems to obtain closed form solutions of the response statistics, but
also an efficient alternative strategy is the application of the Monte Carlo (MC) simulation.
Unfortunately, engineering structures demand the probability of failure to be considerably
small. Consequently, the number of excitation samples by application of the MC simulation
is very large in order to predict a confident estimate of the response statistics. Even for the
analysis of single degree of freedom systems, this can lead to considerably long computa-
tion times. Therefore, the computational effort of the estimation of the response statistics of
high-dimensional systems can increase beyond any limit of acceptance.
We propose a transformation from the high-dimensional system into low-dimensional nonlin-
ear subspaces by a set of deterministic modes based on the proper orthogonal decomposition
method. The new strategy is an extension of the basic approach presented in [1] and adapted
to MC simulation procedures. Based on an a priori response identification of the full system,
a deterministic transformation matrix is applied to create a whole set of low-order surrogate
models of the structure excited by the sample excitation set. Consequently, the computation
of the response set in the low-order nonlinear subspace is performed and finally, the system is
transformed back into the high-dimensional physical coordinate.
It is shown that the reduced MC simulation strategy provides accurate approximations of the
response statistics by demanding a fractional amount of time compared to the full calculation
procedure.
[1] Bamer, F., Bucher, C.:Application of the proper orthogonal de-
composition for linear and nonlinear structures under transient
excitations, Vol. 223 of Acta Mechanica. Springer, pp.2549–2563
(2012).
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08.03.2016 08:30 Alois Steindl Schleinitzstrasse 23, Raum SN23.3
Hopf-Takens-Bogdanov interaction for a fluid-conveying tube
Alois Steindl (TU Wien)
We investigate the dynamics after loss of stability of the downhanging configuration of a fluid
conveying tube with a small end mass and an elastic support. By varying the fluid flow rate
and the stiffness and location of the elastic support, different degenerate bifurcation scenarios
can be observed.
In this talk we investigate the bifurcating solution branches of the codimension 3 interaction
between a Hopf bifurcation and a Takens-Bogdanov bifurcation. A complete discussion of the
primary and secondary solution branches for this mode interaction was already given in [1].
After reducing the system to the three-dimensional Normal Form equations we apply a nu-
merical continuation procedure ([2]) to locate the expected higher order bifurcation branches
and possibly detect more complicated dynamics, like Shilnokov’s scenario.
References
[1] Langford, W. F.; Zhan, K.: Hopf bifurcations near 0:1 resonance. BTNA’98 Proceedings,
Chen, Chow and Li (eds.), 1–18, 1999
[2] Dhooge A., Govaerts W. and Kuznetsov Yu. A.: MatCont: A MATLAB package for
numerical bifurcation analysis of ODEs. ACM TOMS 29:141–164, 2003
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08.03.2016 08:50 Victoria Grushkovskaya Schleinitzstrasse 23, Raum SN23.3
On the asymptotic behavior of solutions of nonlinear systems with multiple imaginary
eigenvalues
Victoria Grushkovskaya (University of Stuttgart)
In this paper, we study the asymptotic behavior of trajectories of a nonlinear system
x˙ = Ax+R(x) , (1)
where x = (x1,x2, ...,xn)
T ∈ Rn is the state vector, A is a real [n×n] matrix, and R(x) is a real
function, analytic in some neighborhood of the origin, R(x) =O(‖x‖2) as x→ 0. We consider
the critical case of stability, i.e. assume that the matrix A has purely imaginary eigenvalues
and eigenvalues with negative real parts. Such systems describe many physical processes and
engineering systems. For example, an important class of systems exhibiting critical cases is
represented by nonlinear oscillatory systems, in particular, various pendulum mechanisms.It
is a well-known fact that trajectories of linear asymptotically stable systems converge to the
equilibrium exponentially. Unlike that, the decay rate of solutions of nonlinear systems in
critical cases is ‖x(t)‖ = O(t 11−k ) as t → +∞ provided that the stability is ensured by k-th
order forms. This fact was proved for homogeneous systems in [1, 2], and for systems with q
pairs of purely imaginary eigenvalues in [3]. In [4], the same estimate was obtained under the
assumption that there are 1:3 resonances between purely imaginary eigenvalues of the matrix
A, and the asymptotic stability of the origin is ensured by cubic terms in the Maclaurin series
expansion of R(x). In this work, we consider a class of systems with equal frequencies. Such
study is motivated by the high influence of 1:1 resonances on stability properties of system (1).
The main result provides the power estimate for the norm of solutions of systems with several
groups of equal frequencies. It should be emphasized that the order of such estimate varies for
different classes of systems in critical cases. Namely, the following result has been proven:
under certain sufficient asymptotic stability conditions there exists an ε > 0 such that the
estimate
‖x(t)‖ ≤ (γ1(t− t0)+ γ2‖x0‖−2)−1/µ , t ≥ t0, x(t0) = x0, (2)
holds for any solution x(t) of system (1) with initial conditions ‖x0‖ < ε , where µ = 2 if the
matrix A is diagonalizable, and µ = 4 if the canonical form of the matrix A contains a [2×2]
Jordan block; γ1 and γ2 are positive constants. The proof of this statement exploits the center
manifold theory [5] and the normal form method [6]. Another result of the paper presents
sufficient asymptotic stability conditions for system (1). These conditions ensure existing
of several classes of Lyapunov functions for (1). We also propose constructive method for
computation the coefficients of estimate (2). As an example, we consider a spring-pendulum
system with partial dissipation. Numerical simulation show the high accuracy of the estimate
obtained.
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08.03.2016 09:10 Andreas Franze Schleinitzstrasse 23, Raum SN23.3
Extending the classification of devices in single-degree-of-freedom vibrating systems
Andreas Franze (TU Dresden)
This paper investigates existing descriptions of electro-mechanical analogies and attempts
of an extension by memristive elements. Therefore, the electro-dynamical role of memris-
tors is analyzed and translated into the context of system dynamics. This analysis leads to a
generalised classification of devices for dynamical systems with a single degree of freedom
(SDOF).
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09.03.2016 08:30 Malte Krack Schleinitzstrasse 23, Raum SN23.3
A Self-Resonant System - Modeling and Theoretical Investigations
Malte Krack (Universität Stuttgart), Noha Aboulfotoh (Leibniz Universität Hannover), Jens
Twiefel (Leibniz Universität Hannover), Jörg Wallaschek (Leibniz Universität Hannover)
1 Motivation
A mechanical system consisting of a clamped-clamped elastic beam under harmonic excita-
tion with an attached sliding body is investigated. Recent experimental observations suggest
that the system passively adapts the axial location of the slider to achieve and maintain a con-
dition of resonance within a wide frequency range around the first bending mode, which could
be useful in applications such as energy harvesting. In previous attempts to explain this phe-
nomenon, it was assumed that the slider has a perfect fit on the beam and it was postulated
that the slider is driven by inertia forces related to the projection of its transverse acceleration
onto the deformed beam. It follows from this that the slider can assume an axial equilibrium
position only at nodes and antinodes of the beam’s vibrational deflection shape. However this
contradicts recent experimental observations in [1], where the slider clearly assumes a location
that is neither a node or an antinode. This suggests that a crucial effect is not captured in the
proposed models, and, thus, the self-adaptation phenomenon has not been properly understood
yet.
2 Approach
The purpose of this work is to provide a theoretical explanation of the self-adaptation phe-
nomenon based on an appropriate model. A key feature of the proposed model is a small
clearance between the slider and the beam. This clearance gives rise to backlash and frictional
contact interactions, both of which are allowed for in the model. Contact is modeled in terms
of the Coulomb and Signorini laws along with Newton’s impact law. The set-valued character
of the contact laws is accounted for in a measure differential inclusion formulation. Numerical
integration is carried out using Moreau’s time stepping scheme.
3 Results
The proposed model reproduces qualitatively most experimental observations. More specif-
ically, the (almost) time-constant steady-state axial slider location, the qualitative frequency
dependence of this location, the increased vibration level compared with the non-adaptive
reference system, and the limitations of the operating regime are predicted by the model.
Although a stable resonance is not encountered in the operating range for the specific set
529

09.03.2016 08:50 Noha Aboulfotoh Schleinitzstrasse 23, Raum SN23.3
A Self-Resonant System - Experimental Investigations of Boundary andOperating Con-
ditions
Noha Aboulfotoh (Institute of Dynamics and Vibration Research, Leibniz Universität Han-
nover, Appelstr. 11, Hannover, Germany), Malte Krack (Institute of Aircraft Propulsion Sys-
tems, University of Stuttgart), Jens Twiefel (Institute of Dynamics and Vibration Research,
Leibniz Universität Hannover, Appelstr. 11, Hannover, Germany), Jörg Wallaschek (Institute
of Dynamics and Vibration Research, Leibniz Universität Hannover, Appelstr. 11, Hannover,
Germany)
Systems consisting of a rigid body sliding freely on a vibrating elastic beam have been ob-
served to exhibit either self-damping or self-resonating behavior. Both behaviors have impor-
tant applications. The analysis of a sliding washer on a harmonic vibrating beam was inves-
tigated for eliminating resonances [1]. Another similar setup of a sliding proof mass over a
beam was presented as a self-tuning resonator, and thus being applicable for energy harvesting
[2]. However, the factors differentiating between self-damping and self-resonating behaviors
as well as the regime over which self-tuning occurs for a given set of input conditions are
still not found [2]. As a step toward a deeper understanding of the operating conditions of the
self-adaptive system, this contribution experimentally addresses the influence of the boundary
conditions between the slider and the beam. The system is experimentally investigated when
the mass is fixed without clearance, then when the mass has a slight clearance and prevented
from axial motion. Finally, the behavior is investigated when the mass is sliding freely over
the beam. The experimentations are carried out within a certain range of small and large
amplitudes of the harmonic base excitation. The behavior of the mass in the three cases is
analyzed and discussed in comparison to each other at the same excitation amplitudes. The
results are obtained at different positions of the mass along the beam. Based on the findings
of these experimentations, the operating conditions of the self-resonant system could be ex-
perimentally determined with regard to the excitation amplitude, the excitation frequency and
the initial position of the mass. Finally, the experimental results are briefly compared with a
given theoretical model.
References
[1] V.I. Babitsky, A.M. Veprik. Damping of beam forced vibration by a moving washer. Jour-
nal of Sound and Vibration. 166 (1993), 77-85.
[2] L.M. Miller, P. Pillatsch, E. Halvorsen, P.K. Wright, E.M. Yeatma, A.S. Holmes. Experi-
mental passive self-tuning behavior of a beam resonator with sliding proof mass. Journal
of Sound and Vibration. 26 (2013), 7142-52.
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09.03.2016 09:10 Veturia Chiroiu Schleinitzstrasse 23, Raum SN23.3
On the piezotronics and tactile sensing virtual simulation
Veturia Chiroiu (Institute of Solid Mechanics, Romanian Academy)
The aim of this work is to present a virtual experiment concerning the recognizing of the shape
and texture of an object performed by simulation the action of an array of nanopiezotronic
transistors integrated into the skin. A flexible finger with the muscles made of Nitinol wires
and the skin made of auxetic material is considered. The array of nanopiezotronic transistors
makes possible the detection of the pressure-induced changes in the auxetic skin. An inverse
problem is solved in order to find these parameters from the condition that the n-ellipsoid
best fits the set of data points probed by touch with the finger. The paper points out the sce-
nario of the hyperchaotic attractor formation - an attractor with at least two positive Lyapunov
exponents- in a class of models governed by the piezotronics. The system involves riddling
bifurcation which explains the creation of the hyperchaotic attractor.
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09.03.2016 14:30 Dominik Kern Schleinitzstrasse 23, Raum SN23.3
Dynamics of a rotor partially filled with a viscous incompressible fluid
Dominik Kern (TU Chemnitz), Georg Jehle (KIT)
Rotors partially filled with fluids are relevant for centrifuges, rotating heat pipes, dynamic
absorbers and other technical applications. The fluid filling may cause self-excited vibrations
and even instabilities different from those observed in rotor models of elastic and rigid bodies
only. As a minimal model, a planar description of such a system is derived. Its structural part,
i.e. the rotor, is assumed to be circular, elastically supported and running with a prescribed
time-dependent angular velocity. The fluid is assumed to be incompressible. Its viscosity
may be neglected for the analysis of steady states, but is essential for transient analysis, since
it couples the rotor acceleration with the fluid. The point of departure for the mathematical
formulation of the fluid filling is the Navier-Stokes-equation with a no-slip condition on the
outer boundary and a constant pressure condition on the inner boundary, which is moving.
Further, rotor and fluid are subjected to volume forces, namely gravitation. There are two
kinds of analysis done. Firstly, the stability of steady states is examined by perturbation meth-
ods. Secondly, transient run up/down simulations are approximately solved with Galerkin’s
method, utilizing trial functions for the fluid velocity field, which fulfill the incompressibility
constraint as well as the boundary conditions.
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09.03.2016 14:50 Tobias Keisenberg Schleinitzstrasse 23, Raum SN23.3
Synchronization effects in rotors partly filled with fluid
Tobias Keisenberg (TU Braunschweig), Georg-Peter Ostermeyer (TU Braunschweig)
In fluid-filled rotors occur self-excited vibrations induced by surface waves of the fluid. A
characteristic property is the instability over an interval of angular velocity above the natural
frequency of the system. One explanation is the occurrence of synchronization effects between
fluid waves and the critical rotor speed.The behaviour of rotors partly filled with fluid was
mostly studied under the aspect of stability in steady-state conditions. For non-steady-state
investigations, discrete models with reduced number of degrees of freedom and reasonable
ability to model the system behaviour are desirable for observer-based real-time control.This
talk analyses a model based on a laval rotor and shows synchronization effects between fluid
waves and rotor model.
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09.03.2016 15:10 Felix Boy Schleinitzstrasse 23, Raum SN23.3
Stability and bifurcations of steady-states of synchronous electric machinery consider-
ing different load cases and saturation
Felix Boy (University of Kassel), Hartmut Hetzler (University of Kassel)
Rotating electric machines play a vital role both in power supply and drive technology. Due to
their broad range of application and their economic importance, a detailled knowledge of their
dynamic behaviour is desirable. This contribution focuses on lateral vibrations of synchronous
electric machinery, providing an insight on the development of vibration leading to noise and
damage [1]. Furthermore, the analysis might improve the understanding of online rotor fault
diagnosis as discussed recently [2].
The calculation of electromagnetic forces and their effects on rotordynamics in electric ma-
chines has a long history. Earlier works calculated them analytically in a first order approach
as a linear force acting like a negative spring, called the Unballanced Magnetic Pull (UMP)
[3]. Later surveys found conditions, especially in induction machines, where the electromag-
netic forces may change their direction causing self excited oscillations [4]. Other authors also
include finite element analysis and similar numerical methods [5].
The approach used in this work is based on an analytical derivation of the occuring nonlinear
electromagnetic forces from maxwell’s equations. This force model is applied to extend an
early analytical model proposed by Kellenberger [6] for synchronous machines and improves
the analysis of the corresponding stability issues [7] towards general load cases and nonlin-
ear rotordynamics due to saturation. It turns out, that especially in two pole machines, self
excited oscillations may occur depending on the noncircularity of the rotor shaft and simi-
larly acting electromagnetic forces. A stability analysis outlines parameter influences on the
machine’s critical speeds. It is found, that the field excitation and the torque angle influence
the stability behaviour and that critical speeds are identical for motor and generator use of the
machine. On the basis of this investigation the analysis is extended towards nonlinear rotordy-
namics accounting for saturation effects. For this nonlinear model, the bifurcation behaviour
is investigated and corresponding limit cycles are shown.
References
[1] G. Müller, K.Vogt, B.Ponick. Berechnung elektrischer Maschinen. John Wiley & Sons
(2012).
[2] C. Bruzzese. Diagnosis of eccentric rotor in synchronous machines by analysis of split-
phase currents - Part I: Theoretical analysis. Industrial Electronics, IEEE Transactions on
61.8 (2014): 4206 –4216151–161.
[3] H. Jordan, R.-D. Schroeder, H.O. Seinsch. Zur Berechnung einseitig magnetischer
Zugkräfte in Drehfeldmaschinen. Electrical Engineering (Archiv für Elektrotechnik) 63.2
(1981): 117 –124.
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09.03.2016 16:00 René Bartkowiak Schleinitzstrasse 23, Raum SN23.3
Conditions for the existence and stability of the regime of type 0/1 for an excited unbal-
anced rotor
René Bartkowiak (Universität Rostock)
An horizontal base excitation u(t)= uˆsinΩt of the vertical axis of an unbalanced rotor can lead
to stationary regimes of motion where the mean value of the angular velocity ϕ˙ of the rotor
equals a rational multiple of Ω. The rotor with the unbalanceU =me and the total moment of
inertia J is driven by the motor torque M whose characteristic is described as a linear function
of the angular velocity ϕ˙ of the rotor, M = k(ω− ϕ˙), where ω is the idle angular velocity in
the absence of excitation. Using the method of direct separation of motion [1], the equation of
motion of the rotor
Jϕ¨ =−meΩ2uˆsinΩt sinϕ+ k(ω− ϕ˙)
can be transformed into two integro-differential equations, one for the so called slow part and
one for the fast part of the motion. It is assumed that the stationary regime of type p/q of the
rotor is given by ϕ(t) = p/qΩt+α(t)+ψ(t,Ωt) with the slowly changing phase angle α and
a fast changing periodic term ψ whose mean value is zero. The integro-differential equation
for the phase angle then reads
Jα¨+ kα˙ = k(ω− pqΩ)−Vp/q
with the so called vibrational torque
Vp/q =
meΩ2uˆ
2piq
2piq∫
0
sinτ sin
(
p
qτ+α+ψ
)
dτ, τ =Ωt.
For the derivation of the vibrational torque, the solutions of the integro-differential equation for
the fast variableψ has to be approximated. For the regimes of type p/q= 1/1,1/2,2/1,1/3,3/1,2/3
these approximate solutions are already known. Here the case p/q= 0/1 is considered, where
the mean value of the angular velocity of the rotor is zero and the rotor oscillates around the
rest position. Then the vibrational torque can be determined as
V0/1 =
(meuˆΩ)2
4J
sin(2α).
The differential equation for the phase angle yields for a stationary phase angle α0 the exis-
tence condition
kω =
(meuˆΩ)2
4J
sin(2α0)
for the regime of type 0/1, which is stable for 0≤ α0 ≤ pi4 , 3pi4 ≤ α0 ≤ pi . The results from the
analytical approximation agree with the results of numerical simulations.
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09.03.2016 16:20 Olga Drozdetskaya Schleinitzstrasse 23, Raum SN23.3
On the Sommerfeld effect in the system with the self-balancing device
Olga Drozdetskaya (Karlsruhe University of Technology), Alexander Fidlin (Karlsruhe Uni-
versity of Technology)
The phenomenon of self-balancing in rigid rotor systems is well known and investigated for
rotors with fixed bearings [1], [3]. The balancing effect is achieved only in the overcritical
domain of rotation speed of the rotor. The geometrical configuration of the system in the un-
dercritical speed domain causes a maximization of unbalance, which can lead to significant
increase of vibration amplitudes while passing through resonance or even capture into the res-
onance (Sommerfeld effect).The objective of the present paper is to analyse a passage through
or capture into the resonance of an unbalanced rotor with self-balancing device. The rotor
of mass M and mass moment of inertia Jr is elastically suspended by a spring-damper of a
certain stiffness c and damping βr. Its center of mass has an offset γ relative to the rotation
axis. Two pendulum balancers of mass m, mass moment of inertia Jp and length r are placed
on the axis of rotation of the rotor. A rotational damping βϕ is applied between the rotor and
the balancers. The rotor is excited by an induction motor of limited power.The equations of
motion of the system can be written as follows:
(M+2m)x¨+βrx˙+ cx=Mγ(φ˙2 cosφ + φ¨ sinφ)+mr
2
∑
i=1
(ϕ˙i2 cosϕi+ ϕ¨i sinϕi); (1)
(Mγ2 + Jr)φ¨ +βϕ(φ˙ − ϕ˙1− ϕ˙2) = Tmot +Mγ x¨sinφ ; (2)
(Jp+mr2)ϕ¨i+βϕ(ϕ˙i− φ˙) = mrx¨sinϕi; i= 1,2. (3)
Equation (1) describes the radial vibrations of the whole system. Equations (2) and (3) de-
scribe the phase angles of the the rotor and the both pendulums correspondingly. Herewith it
has been assumed that the damping both in the oscillating subsystem βr and in the rotational
degrees of freedom for both pendulums βϕ is not small.The approximate asymptotic solution
has been obtained using averaging technique for strongly damped systems [2].The whole dy-
namics of the underlying system can be described by only three differential equations of the
first order. Averaging results match numerical simulations very closely in a large domain of
the system’s parameters and demonstrate quite an unexpected and complex behaviour. Espe-
cially in case of the capture into the resonance, the vibrations of the system can be strongly
modulated by a very low frequency.
References
[1] I.I. Blekhman. Synchronization of Dynamical Systems. Nauka, Moskow, (1971).
[2] A. Fidlin, J.J. Thomsen. Non-trivial effects of high-frequency excitation for strongly
damped mechanical systems. Int. J. of Non-Linear Mechanics 43 (2008), 569–578.
543

09.03.2016 16:40 Mathias Mair Schleinitzstrasse 23, Raum SN23.3
Vibrations of rotors supported on nonlinear bearings
Mathias Mair (Graz University of Technelogy), Stefan Haas (Graz University of Technelogy),
Katrin Ellermann (Graz University of Technelogy)
Rotors in electrical machines are supported on various types of bearings. The bearings are an
important part in the assembly of an electrical machine and they significantly affect the rotor
vibrations. In this work the influence of nonlinear bearing stiffnesses on the rotor vibrations
are investigated.
Therefore, a simplified finite element model using Timoshenko beam elements is set up for
the rotor. The materials of the heterogeneous rotor structure are assumed to be homogenous
and linear. A transversally isotropic material model is adopted for the rotor core stack. The
bearing model is imposed as stiffness and damping coefficients on the simulation model. The
nonlinear coefficients are given values of a certain roller bearing type. Using the Newton-
Raphson procedure run up simulations are carried out. The spectral content of the simulation
results shows the nonlinear vibrational behavior caused by the bearings. The stability of these
nonlinear rotor vibrations is investigated and unstable regions are detected. The rotor vi-
brations are investigated in detail by further simulations of the rotor operating with various
constant speeds. Furthermore, various bearing models are used together with the introduced
rotor model. The simulation results are compared and show the bearing’s influence on the
vibrations. Finally, stability charts of the rotor vibrations are shown. Thereby, the stability
affected by various model parameters, e.g. bearing damping, balance quality or geometrical
lengths, is presented.
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09.03.2016 17:00 Kai Becker Schleinitzstrasse 23, Raum SN23.3
Approximation of quasi-periodic solutions of a rotor in two-lobe bearings with time-
varying bearing geometry
Kai Becker (Karlsruher Institut für Technologie), Wolfgang Seemann (Karlsruher Institut für
Technologie)
Improving the dynamic behavior of rotor systems in journal bearings represents an ongoing
topic of research. The pressure distribution within journal bearings is normally described
by the Reynolds equation, assuming a fluid-film of comparable small thickness. Additional
effects caused by the fluid-solid interaction in the bearings can thereby lead to unwanted os-
cillations.
Various methods and modifications for an optimization of the system characteristics have
therefore been proposed in literature, i.e. the use of bearing geometries which differ from
the classical circular construction.
One example are two-lobe bearings with their characteristic lemon-shape. The special geom-
etry of such bearing types allow to develop locally higher pressures than in the circular case,
resulting in a lower susceptibility towards instability phenomena like ’oil-whirl’ or ’oil-whip’.
Nevertheless, a complete suppression of these occurring instability effects cannot be reached.
Introducing a systematic variation of the geometry reveals a high potential to further opti-
mize the stability properties of the corresponding two-lobe bearings. With the approach of a
harmonically changing geometry, rotor systems in two-lobe journal bearings can show up a
tremendous decrease in their system amplitudes or even a stabilization of a previously unstable
equilibrium position, if an appropriate excitation amplitude and frequency have been chosen.
As a time-varying geometry enters the parameters of the Reynolds equation and thereby also
the equations of motion, the system is exposed to parametric excitation as well as to self-
excitation of the ’oil-whirl’-type.
In case of a combined appearance of these two effects, the rotor system tends to show up
quasi-periodic behavior due to the fact that the occurring frequencies of self-excitation and
parametric excitation are in general incommensurable. Such solutions cannot be handled by
numerical continuation toolboxes like MATCONT or AUTO 97, which makes an appropri-
ate modification of the equations of motion necessary.
In order to systematically analyze the system in such cases, the set-up of an invariance equa-
tion of an associated torus is suggested in order to handle this quasi-periodic behavior.
As the parametric excitation frequency is supposed to be given from outside, the system equa-
tions can be reduced by a Galerkin-Fourier approach to a spectral-system. This reduced form
allows numerical continuation by means of software-tools like MATCONT in order to ap-
proximate quasi-periodic behavior of the original system.
With the proposed reduction method a systematic parameter-study concerning the influence
of a geometry variation onto the rotor system oscillations can be performed.
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09.03.2016 17:20 Simon Bäuerle Schleinitzstrasse 23, Raum SN23.3
Bifurcation behaviour and limit cycles of a compliant seal-rotor system
Simon Bäuerle (University Kassel), Hartmut Hetzler (University of Kassel)
Compliant hybrid seals (e.g. HALO seal [1], GLAND seal [2]) offer a comparatively new, cost-
effective approach to reduce leakage in turbo machinery, meeting the current demands for
flexible operation (e.g. adjustment of conventional electricity production due to fluctuating
generation of renewable energy) and higher efficiency. These properties can be achieved by a
reduced sealing gap along with added seal flexibility to minimize the risk of surface rubbing.
In this contribution the non-linear rotor dynamic behaviour of a compliant seal-rotor system
is discussed. The steady state stability, bifurcation behaviour and the resulting limit cycles are
investigated.The underlying model consists of a Laval-Rotor (Jeffcott-Rotor) where the disc
runs in a liquid sealing. While the seal shell itself is assumed to be rigid, it is visco-elastically
connected to the environment.
In order to account for the forces from turbulent, incompressible flow through the seal, the non-
linear semi-empirical model by Muszynska [3] is applied. The system dynamics are described
by
MRr¨R+BRr˙R+KRrR = F(rR,rS) MSr¨S+BSr˙S+KSrS =−F(rR,rS)
where
F(rR,rS)=−
(
m f 0
0 m f
)
∆r¨−
(
D¯ 2τ¯Ωm f
−2τ¯Ωm f D¯
)
∆r˙−
(
K¯−m f τ¯2Ω2 τ¯ΩD¯
−τ¯ΩD¯ K¯−m f τ¯2Ω2
)
∆r
and
∆r= rR− rS K¯ = K0(1−‖rR− rS‖2)−n D¯= D0(1−‖rR− rS‖2)−n τ¯ = τ0(1−‖rR− rS‖2)b.
M,D, K and r are the mass-, damping-, stiffness-matrices and the position vectors respec-
tively. The subscript R indicates rotor-related and the subscript S seal-related variables and
parameters. F(rR,rS) is the fluid force. Furthermore, m f is the coefficient of the fluid inertia,
D0 is the coefficient of the fluid damping, K0 is the coefficient of the fluid radial stiffness, Ω
is the angular velocity of the rotor, τ0 is the fluid average circumferential velocity ratio and n
and b are empirical parameters [4].
An eigenvalue analysis of the linearised governing equations shows a significant expansion
of the stable operating range compared to stiff seals. Passing the stability limit by raising
the angular velocity a Hopf bifurcation occurs. Depending on the parameter values different
limit cycles occur which can for themselves loose their stability via a Neimark-Sacker bifur-
cation. In some cases the emerging rotor and seal amplitudes are not necessarily harmful to
functionality. Therefore, a continued operation at higher rotational speeds is possible.
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09.03.2016 17:40 Tim Leister Schleinitzstrasse 23, Raum SN23.3
Sensitivity of Computational Rotor Dynamics Towards the Empirically Estimated Lu-
brication Gap Clearance of Foil Air Journal Bearings
Tim Leister (Karlsruhe Institute of Technology), Christoph Baum (Karlsruhe Institute of Tech-
nology), Wolfgang Seemann (Karlsruhe Institute of Technology)
This contribution is concerned with the computational analysis of a rigid rotor supported by
means of two self-acting foil air journal bearings. Offering reduced wear and power loss
compared to rolling-element bearings, this modern technology appears to be quite promising
for high-speed rotating machinery. However, foil air journal bearing rotor systems may exhibit
unwanted self-excited vibrations. In currently conducted research on this topic, sophisticated
models and reliable numerical tools are of major interest with regard to the complexity and
costliness of corresponding experiments.
When operating within the full fluid film lubrication regime, the pressure distribution inside
the lubrication gap can be described by the REYNOLDS equation for compressible fluids, giv-
ing the bearing forces acting on the rotor. On the other hand, fluid-structure interaction occurs
between the gas and the surrounding foil structure, the latter being composed of a bump foil
and a top foil. These foils can be modeled (with increasing approximation to reality) using
either a rigid shell, a simple elastic foundation or an elastically supported beam. The result-
ing system of coupled equations is typically written in a nondimensional form, introducing
characteristic dimensionless numbers.
In order to parameterize and interpret nondimensional simulations correctly, prior knowledge
about realistic value ranges of the occurring dimensionless numbers is required. Unlike all
other quantities, the nominal lubrication gap clearanceC= R− r between the undeformed top
foil and the rotating journal is reported to be only poorly known. In the available literature,
different empirical estimations propose, for instance, C = 20×10−6 m or C = 50×10−6 m to
describe the same bearing. The arising uncertainty concerns in particular the nondimensional
angular velocity Λ ∝ ω0/C2, the nondimensional rotor mass M ∝ mC5, the nondimensional
gravity G ∝ g/C5, and the nondimensional time scale τ ∝ tC2, which all depend significantly
on C. Thus, even in the light of an advanced understanding of the system’s qualitative be-
havior, the quantitative reproduction and prediction of experimental results by computational
analysis need to be viewed critically.
In this study, the sensitivity of numerical results towards the assumed lubrication gap clearance
will be investigated. To this end, the stability of the rotor is considered and the characteristics
of occasionally observed equilibrium positions and limit cycles of the rotor are addressed.
Furthermore, the extreme case of prestressed foil structures resulting in a vanishing lubrication
gap clearance in the nonoperating state will be discussed.
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10.03.2016 08:30 Max-Uwe Noll Schleinitzstrasse 23, Raum SN23.3
On the refined modeling of the force distribution in a bistable magnetoelastic energy
harvesting system due to a magnetic field
Max-Uwe Noll (TU Berlin, Institut für Mechanik, Fachgebiet Mechatronische Maschinendy-
namik), Lukas Lentz (TU Berlin, Institut für Mechanik, Fachgebiet Mechatronische Maschi-
nendynamik)
Abstract: The problem of a bistable magnetoelastic beam under base excitation was dis-
cussed in [Moon et al. 1979] under the aspect of chaotic behaviour in mechanical systems.
Three decades later the system was used in [Erturk et al. 2009] to design an energy harvesting
system which performs well under harmonic excitation for a broad range of excitation fre-
quencies due to its bistability. Since the initial modeling was tailored to obtain a model with
one degree of freedom, it is necessary to refine the modeling approach if one seeks to obtain a
model with multiple degrees of freedom.
The authors presents the force distribution on a ferromagnetic beam due to the magnetic field
of two permanent magnets. A semianalytic method is used to compute the magnetic field
which is compared with numerical results. The force distribution is then used to derive a re-
fined nonlinear dynamical model for the elastic beam.
Moon, F., Holmes, P., 1979, A magnetoelastic strange attractor, Journal of Sound and Vibration, 65,
275-296
Erturk, A., Hoffmann, J., Inman, D.J., 2009, A piezomagnetoelastic structure for broadband vibration
energy harvesting, Applied Physics, Lett. 94.
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10.03.2016 08:50 //PRESENTER// Schleinitzstrasse 23, Raum SN23.3
On the influence of a second modal function in the discretization of a bistable magne-
toelastic energy harvesting system
Lukas Lentz (TU Berlin)
Bistable magnetoelastic energy harvesting systems have been the subject to numerous rescent
investigations. The basic feature of such systems is their possibility to obtain large amplitude
motions for a broad range of excitation frequencies. In general such systems are discretized
using only one modal function which results in a mathematical model which has one degree
of freedom in the mechanical domain. This model is supposed to perform well if it is used
in an analysis where the excitation is harmonic and the excitation frequency corresponds to
the eigenfrequency of the modal function. If however the excitation frequency varies over
a wide range or is even totally random it is possible that the one dof model lacks important
information.
The authors present a mathematical model where the energy harvesting system is discretized
with two modal functions followed by an analysis of the influence of the additional degree of
freedom on the response of the system under harmonic and random external excitations. The
response for the system under random excitation is therefore computed as the direct solution
of the corresponding Fokker Planck equation.
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10.03.2016 09:10 Ulrike Zwiers Schleinitzstrasse 23, Raum SN23.3
Numerical analysis of the vertically excited pendulum with unilateral constraint
Ulrike Zwiers (Hochschule Bochum)
A pendulum whose point of support is subjected to periodic displacements in vertical direction
may experience parametric resonances that cause the stable downward vertical equilibrium to
bifurcate into large-amplitude oscillations. In case of an harmonic excitation of the bilaterally
constrained pendulum, this phenomenon is described by aMathieu-type of equation and is thus
accessible by analytical methods. The unilaterally constrained pendulum, however, poses the
additional challenge of being capable to go slack, which necessitates the analysis by means
of numerical simulation. The contribution at hand compares three different approaches to
such a simulation. On the one hand, the pendulum is modeled as a smooth dynamical system
replacing the unilateral constraint by a spring of piecewise constant stiffness. On the other
hand, the pendulum is modeled as a nonsmooth dynamical system applying the method of
Lagrange multipliers. As for the latter, an event-based approach as well as a time-stepping
approach is utilized for numerical analysis.
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10.03.2016 13:30 Viktor Krasmik Schleinitzstrasse 23, Raum SN23.3
An extended LuGre friction model incorporating frictional aging
Viktor Krasmik (Technische Universität Hamburg-Harburg), Josef Schlattmann (Technische
Universität Hamburg-Harburg)
In order to represent complex friction phenomena, different dynamic friction models, such as
the Dahl model, LuGre model, elastoplastic friction model, Leuven model, or the generalized
Maxwell-Slip model have been developed and used for the purpose of accurate friction mod-
eling.Regarding the necessary modeling parameters and the achievable accuracy, the LuGre
model shows a reasonable balance/compromise. It is capable of describing frictional char-
acteristics, such as pre-sliding, frictional lag, varying break-away force and stick-slip with
only a few parameters.However, the LuGre model does not consider frictional strengthening
or aging due to contact time at zero relative velocity, which is a widely observed phenomenon
ranging from macro- to nanoscale.Typically, the static friction increases logarithmically with
stationary contact time. Depending on the scale, this behavior can be caused by an increase
of the contact area due to plastic deformation and asperity creep or strengthening of chemical
bondings because of the nucleation of capillary bridges. In this contribution the LuGre model
is extended and the effect of frictional aging is incorporated using the state variable approach.
The adapted friction model is used in combination with a single-degree-of-freedom oscillator
in order to investigate the basic effects on the stick-slip amplitude and period.
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10.03.2016 13:50 Simon Kapelke Schleinitzstrasse 23, Raum SN23.3
A Pin-on-Disk Experimental Set-up for Vibrational Smoothing of Dry Friction
Simon Kapelke (Karlsruher Institut für Technologie), Wolfgang Seemann ()
High-frequency vibrations have been shown to smooth the effective characteristics of dry fric-
tion and may be used in order to quench undesired phenomena such as friction induced vibra-
tions. This effect of vibrational smoothing has been subject of numerous publications in the
past and is used successfully in several industrial applications.
Recent contributions have discussed the influence of contact compliance on vibrational smooth-
ing. Using dynamic friction models instead of classical Coulomb friction, the smoothing effect
can still be observed. However, the calculated friction forces are higher compared to the clas-
sical results and show improved agreement with related experimental results. Consequently,
the assumption of a rigid structure leads to overestimation of the smoothing effect.
Within this contribution, an experimental set-up is presented, which has been developed in
order to validate the calculated results. After a brief description, some general properties
of the system are investigated, including stationary behaviour and pre-sliding characteristics.
Without high-frequency excitation, friction induced vibrations occur at low sliding velocities.
The corresponding motion of the system is analysed and compared to the results of FE-based
simulations. Using a class of dynamic friction models based on Dahl’s friction model, the re-
sults are compared to the analysis of a 1-DoF friction oscillator. Depending on the underlying
model, the experimental observations show good agreement with the predicted behaviour of
the system.
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10.03.2016 14:10 Matthias Kröger Schleinitzstrasse 23, Raum SN23.3
Untersuchung reibungserregter Schwingungen an Dichtungen
Matthias Kröger (Technische Universität Freiberg), Christian Berndt ()
Dichtungen, z.B. Radialwellendichtungen oder O-Ringe, werden in zahllosen Anwendungen
verbaut. Dabei ist die Hauptfunktion die Abdichtung gegen Fett- oder Ölaustritt und gegen
Schmutzeintritt. Allerdings bleibt oft unberücksichtigt, dass berührende Elastomerdichtungen
Reibung verursacht. Die Reibung führt zur Wärmeentwicklung im Kontakt und teilweise zu
reibungsselbsterregten Schwingungen.
Ziel dieser Arbeit ist die Untersuchung reibungserregter Schwingungen an Dichtungen. Hier-
bei sollen zum einen die Schwingungen analysiert werden und zum anderen die Erregungsmech-
anismen bestimmt werden. Dazu werden zunächst die grundlegenden Reibungsmechanismen
untersucht und modelliert. Darauf folgend werden die Wechselwirkungen zwischen Struktur
und Reibprozess genauer betrachtet, die zur Reibungserregung führen.
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10.03.2016 14:30 Georg Jehle Schleinitzstrasse 23, Raum SN23.3
On the impact of the lamella’s elasticity on self-excited vibrations in shift gearboxes
Georg Jehle (Karlsruher Institut für Technologie), Alexander Fidlin (Karlsruher Institut für
Technologie)
Vibrations in shift gearboxes while shifting may lead to unwanted phenomena, such as audi-
ble squeaking and/or the loss of function due to damage of structural components. For this
reason, the stability of the stationary behavior of shift gearboxes is of high importance for
applications.
A shift gearboxes consists of vibratory components and contains non-symmetric coupling in
the gears and friction between the plates as a source of non-conservative forces. It is therefore
no wonder that there are many possible sources of instability. The instability mechanisms
discussed in the literature are mainly limited to rigid body modes of clutch and gearbox com-
ponents. On the other hand, the models for break squeal, which is a related phenomenon,
usually take elastic modes of the brake disc into account (depending on the relevant frequency
range). Thus, the objective of the present study is to investigate to which extent elastic modes
can be relevant for vibration phenomena in shift gearboxes.
The lamella is modelled using Kirchhoff’s plate theory in a rotating frame with the motor’s
rotational velocity. It is hollow-cylindrical (thickness h, outer radius ro, inner radius ri) and
hinged at r = ro. The contact between the clutch disc (idealized as a ring) and the lamella
exists along the so-called friction ring and incorporates both normal and tangential forces and
moments. The analysis reveals that beneath already known instability mechanisms, new ones
occur because of out-of-plane vibrations of the plate. In a reasonable parameter region, the
first two unsymmetrical modes of the lamella have the main contribution to the instability.
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10.03.2016 14:50 Xingwei Zhao Schleinitzstrasse 23, Raum SN23.3
Experimental and theoretical investigation of creep groan of brakes through minimal
models
Xingwei Zhao (Technische Universität Berlin), Gräbner Nils (Technische Universität Berlin),
Utz von Wagner (Technische Universität Berlin)
Creep groan of brake systems is a low frequency vibration phenomenon occurring at low
speeds giving passengers a very uncomfortable feeling. This phenomenon is caused by the
stick-slip-effect resulting in limit cycle oscillations with frequencies lower than 200 Hz.
For the experimental investigation of this problem, an idealized brake test rig is designed con-
centrating on the investigation of the frictional contact by realizing low damping and small
disturbances in the system. Different sensors are assembled in the test rig. Limit cycles and
bifurcation effects can be observed in the experimental results.
With respect to modeling, a one degree-of-freedom (DOF) model using Coulomb’s friction
law and a two DOF model using the bristle friction law are considered. By a comparative study
of experimental and simulation results, the parameters of both friction laws can be identified
from the dynamic experimental results, such as the static and dynamic friction coefficients,
contact stiffness and Stribeck velocity. After that, the preconditions of occurrence of creep
groan in the investigated brake system are determined both theoretically and experimentally.
Experimental and theoretical results show a very good coincidence.
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10.03.2016 15:10 Nicolaj Baramsky Schleinitzstrasse 23, Raum SN23.3
Modeling of Friction-Induced Vibrations during Tightening of Bolted Joints
Nicolaj Baramsky (Hamburg University of Technology), Arthur Seibel (Hamburg University
of Technlogy), Josef Schlattmann (Hamburg University of Technology)
In the last few years, a lot of work including analyses on screw-threaded fasteners had been
done. Methods had been developed and technical rules had been set up, which focused on
the quality of the industrial screw assembly. But users of partly and fully automated screw-
driver systems still have to deal with failures during the tightening process. One reason for
these failures are rotational vibrations. As practice has shown, these rotational vibrations are
strongly influenced by special underhead geometries, certain material pairings, the screw-in
depth, the screwdriver speed, and the usage of socket wrench extensions. The vibrations are
primarily friction-induced and can lead to an inaccurate measurement of the tightening torque
and thus to an improper clamping force. This, in turn, can lead to assembly errors resulting in
tool damage or screw failures.
For this reason, a multibody model is presented in this paper which is able to reproduce
the rotational vibrations during the tightening process. The model consists of a triplet of
spring/damper subsystems representing the head, the shaft, and the thread part of a metric
screw. Using a constant velocity to induce an ever increasing tightening torque on the head,
the turning of the screw results in an increase of tension. The tension, in turn, increases the
pressure on the underhead and thread areas which lead to a counter torque on both parts. The
friction in the bearing surface and in the thread is modeled by the LuGre friction model.
The multibody model shall help understand the cause of vibrations occurring during the tight-
ening process in order to formulate suitable guiding principles for the design of bolted joint
connections. This paper will investigate the influence of several parameters including but not
limited to the development of the tightening torque over time as well as the dependency of the
tightening velocity and certain geometric parameters on stick-slip frequencies.
569

10.03.2016 17:00 Christian Seidel Schleinitzstrasse 23, Raum SN23.3
Grenzen numerischer und experimenteller Modelluntersuchungen am Beispiel Regen-
Wind induzierter Schwingungen
Christian Seidel (TU Braunschweig), Dieter Dinkler (TU Braunschweig)
Regen-Wind induzierte Schwingungen sind ein hydroaeroelastisches Schwingungsphänomen,
welches bei gleichzeitigem Auftreten von Regen und Wind an geneigten Kabeln, Hängern
oder Seilen entstehen kann. Das Phänomen wurde erstmals 1986 von Y. Hikami [1] in Japan
an der Meikonishi Brücke entdeckt. Bei Regen-Wind induzierten Schwingungen treten i.a.
niederfrequente Schwingungen mit großen Amplituden auf, die zu Ermüdungsschäden an den
betroffenen Konstruktionselementen führen können. Besonders durch das Schwingungsphänomen
gefährdet sind schlanke zylinderförmige Bauteile, wobei neben dem Schrägkabeln von Schrägk-
abelbrücken und Hängern von Bogenbrücken auch andere Konstruktionselemente wie Ab-
spannseile von Masten, Freileitungen oder Seile von Hängebrücken betroffen sein können.
Regen-Wind induzierte Schwingungen treten bei turbulenzarmen Wind mit Geschwindigkeiten
von 5 bis 30 m/s und Reynoldszahlen im unterkritischen und kritischen Bereich (5 · 104 bis
3 · 105) auf. In der Literatur werden Schwingungen sowohl in Längs- als auch in Querrich-
tung des Windes mit Amplituden bis zu 1,5 m und mit Frequenzen bis zu 9 Hz beschrieben.
Der Wind kommt beim Auftreten der Schwingungen meist aus ausgezeichneten Anströmrich-
tungen zur Zylinderlängsachse. Die untersuchten Zylinderstrukturen sind i.a. geneigt und
besitzen Durchmesser von 4 bis 25 cm. Neben einer geringen Dämpfung weisen alle Zylin-
derstrukturen eine glatte Oberfläche (i.a. HDPE-Überzüge) auf.
Bei dem Phänomen bildet das die Zylinderoberfläche benetzende Regenwasser ein Rinnsal
aus, welches zunächst der Schwerkraft folgend an der Unterseite des Zylinders entlangfließt.
Oberhalb einer kritischen Windgeschwindigkeit entsteht an der Oberseite des Zylinders ein
zweites Rinnsal. Beide Rinnsale fließen in bestimmten auf den Staupunkt der Strömung be-
zogenen Gleichgewichtslagen auf der Zylinderoberfläche ab. Das Vorhandensein der beiden
Rinnsale in den kritischen Gleichgewichtslagen ebenso wie die Beweglichkeit der Rinnsale
ist eine entscheidende Voraussetzung für den Erregermechanismus Regen-Wind induzierter
Schwingungen. Beim Auftreten der Schwingungen oszillieren die Rinnsale als Folge der
Zylinderschwingungen in deren Frequenz um ihre Gleichgewichtslage.
Mit dem in [2] vorgestellten Erregermechanismus auf der Basis des Phänomens des Prandtlschen
Stolperdrahtes mit Rinnsalen als bewegliche Störung wird eine strömungsmechanische Erk-
lärung des Phänomens der Regen-Wind Schwingungen möglich. Auf der Grundlage der
phänomenologischen Deutung wurde ein mechanisches Modell entwickelt, mit dem sich Regen-
Wind induzierte Schwingungen beschreiben lassen. Das mechanische Modell basiert dabei auf
einem hybriden Verfahren, bei dem auf Grund der hohen Komplexität der Strömungsvorgänge
571

10.03.2016 17:20 Wojciech Pakos Schleinitzstrasse 23, Raum SN23.3
Selected issue of experimental research of cables vibration reduction of a scaled model
bridge
Wojciech Pakos (Wrocław University of Technology)
The problem of excessive vibration reduction of cables in cable-stayed bridges is a common
theme of many scientific papers due to the fact that this issue is very difficult. This difficulty
stems from the fact that cables are very slender elements with sag, characterized by a low nat-
ural damping ratio, and in the case of attaching them to the moving supports (movement of a
bridge deck and a pylon is possible) their vibration behavior can be properly described only by
nonlinear equations of motion. The problem of cables vibration appears not only in the exist-
ing cable-stayed bridges but also during their construction phase, for example a wind induced
vibration. The purpose of this presentation is to present selected results of the experimental
research on the reduction of the stay cables vibration in a cable-stayed footbridge in relation
to the change of static tension of cables. Particular attention has been paid to investigate the
influence of the rate of change of static tension of stay cables on the effectiveness of the cables
vibration reduction. The value of the static tension in cables that effectively reduces excessive
vibrations of the stay cables has been determined as well. Considerations have been based on
the previously formulated theory stating that a change of the static tension in chosen cables
causes a change of the structure stiffness (cable-stayed bridge model) and thereby causes a
change of the natural frequencies of whole structure – in particular changing the frequencies
of the cables. This method assumes that when a large resonance vibration occurs in a given
cable, it is followed by the change of the static tension in some, purposely selected cables
and the resonant state becomes detuned by changes in the natural frequency that is close to
the excitation frequency - as a consequence of these changes the harmonic forced vibration
amplitudes are significantly reduced. The choice of the cables is based on the theoretical anal-
ysis of the eigenproblem sensitivity with respect to a change of the cable tension – a design
parameter. Thus the choice of cables is not accidental. As it has been shown by author and
co-workers in the previous papers, it is possible to indicate some cables in which the tension
changes cause a significant change in those natural frequencies of a cable-stayed bridge that
are close to the excitation frequencies. The effectiveness of the method was earlier tested both
on the laboratory scaled model of a steel footbridge and on the numerical model of a real
structure. The experimental research have been conducted on the laboratory model of a cable-
stayed footbridge designed and made by the author of the paper. The laboratory model was
built in compliance with the dimensional analysis with the utmost conformity to a hypothetical
prototype of a real footbridge both in static and dynamic values. The laboratory model of the
footbridge has been completely made of steel on a scale of 1:10. The cable-stayed model of
the footbridge was designed with a total length Ltot = 6.0 m and a pylon height Hpyl = 2.86
m. For all the cables there are fixed cable tension regulators that enable to easily shorten or
lengthen the cables within ± 30 mm. The cables were made of steel lines type 1×19 lines
with a diameter d = 1.2 mm and d = 1.8 mm, and tensile strength f y = 1770 MPa. The choice
of initial tension forces of cables has been based on numerical analysis and have been es-
tablished in such a way as to settle the deck’s grade line at the level of 0.00 m. In order to
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10.03.2016 17:40 Marius Koester Schleinitzstrasse 23, Raum SN23.3
A minimal model for a variable displacement vane pump
Marius Koester (Karlsruher Institut fuer Technologie), Alexander Fidlin (Karlsruher Institut
fuer Technologie), Simon Schroeders (Karlsruher Institut fuer Technologie)
Variable displacement vane pumps are featured in a variety of engineering systems. Most
prominently, they are used in drivetrain systems where they are to provide a volume flow that
can be adapted to the desired flow level. Despite their long history of application, minimal
models on variable displacement vane pumps have remained scarce. Since Karmel’s series of
papers (e.g. [1]) on pivoting-type vane pumps, mainly Manco et al. [2] have contributed to the
field with the model of a linearly translating vane pump. This model, however, is rather com-
plex and involves differential equations for each of the pump chambers during revolution. In
order to draw conclusions on the dynamical behavior of a vane pump when used in a hydraulic
circuit, an autonomous model of the dynamics of the vane pump’s cam ring is needed. Such
models are not extant in the literature which motivates the present contribution. Based upon
kinematical considerations, an analytical model of the internal forces from the pressurized
vane chambers acting on the cam ring as a function of cam ring displacement is derived. Two
effects are included: the force effects from vane chamber exposure to line pressure and the
volume compression in dead volume regions. While the first effect allows for a fully analyti-
cal solution without any approximations despite the highly nonlinear kinematics of the pump,
the second effect requires Taylor expansion of the fluid pressure evolution over a revolution
period. The analysis is then extended by allowing leakage flow within the dead volume re-
gions. Here, an analytical approximation based on perturbation theory is derived. The model
also allows for an analytical assessment of the volume flow provided by the pump.Ultimately,
a first analysis of the stability of an elementary hydraulic circuit featuring a variable displace-
ment vane pump is presented.
[1] Karmel, A. Modeling and Analysis of the Dynamics of a Variable-Displacement Vane-
Pump with a Pivoting Cam Journal of Dynamic Systems, Measurement and Control, Ameri-
can Society of Mechanical Engineers, 1988, 110, 197-202
[2] Manco, S., Nervegna, N., Rundo, M. and Armenio, G. Modelling and Simulation of Vari-
able Displacement Vane Pumps for IC Engine Lubrication SAE Technical Paper, 2004
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10.03.2016 18:00 Sebastian Bär Schleinitzstrasse 23, Raum SN23.3
Variational integration in endochronic theory for small strain elastoplastodynamics
Sebastian Bär (Technische Universität Chemnitz), Michael Groß (Technische Universität
Chemnitz)
Filled polymers and elastomeric constituents in composites show a plastic stress response at
early loadings and small strain levels. With respect to their mathematical description, inelastic
material models can be classified into two families: (i) models where the actual state depends
only on the deformation and several internal variables, evaluated at the current time step;
(ii) models which depend on the deformation history with their so-called heredity functions.
VALANIS proposed his endochronic plasticity without a yield surface in the early 70s. The
major difference between classic plasticity models like the PERZYNA rule and the endochronic
theory is the absence of a purely elastic loading and unloading phase which is substituted by
a purely plastic domain. This approach fits into polymeric plasticity, because of their non-
existent yield point.
This paper presents a basic endochronic plasticity model with isotropic hardening for small
strain theory according to VALANIS. The key point of this model is a convolution integral
over an intrinsic time scale involving past values of the strain measure and a so-called memory
kernel which leads to an evolution equation for the internal variable.
For the spatial and temporal discretization of the underlying constitutive equations and the
resulting evolution equation, we use higher order accurate variational integrators (VI). This
class of integrators has some remarkable features like symplecticity, conservation of linear
and angular momentum and the near conservation of energy values for conservative systems
which results in an excellent long-time behavior. Non-conservative forces are added by the
LAGRANGE-D’ALEMBERT principle. The remarkable feature of this paper is the fact that
we approximate the position vector in terms of velocities which gives rate-dependent weak
forms. In order to show the numerical properties of the resulting time stepping scheme, we
approximate an elastoplastic beam with hexahedral finite elements in space and show the
conservation properties of our time-stepping scheme.
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10.03.2016 18:20 Thomas Hoffmann Schleinitzstrasse 23, Raum SN23.3
The Problem of Determining the Stiffness Properties of Friction Contacts using the
Example of Coupled Turbine Bladings
Thomas Hoffmann (Leibniz Universität Hannover), Lars Panning-von Scheidt (Leibniz Uni-
versität Hannover), Jörg Wallaschek (Leibiz Universität Hannover)
Gas turbine bladings may vibrate with unacceptable high amplitudes. To reduce high vibra-
tion amplitudes, friction damping is widely used. Friction damping can be integrated into the
dynamic system by contacts between adjacent turbine blades. Due to the contacts, the describ-
ing system of equations becomes nonlinear. To model the nonlinear contact forces, various
approaches exist. The models can be roughly divided into two categories: Models that include
stiffnesses by means of idealized springs (elastic contact models) and ones that use a numeric
parameter to represent the contact’s dynamic behavior. Former are represented in the most
simple case by the elastic COULOMB friction model and can be expanded to more complex
models to better fit measured friction hysteresis [1]. The latter take an approach to model
the elastic behaviour of the contact by numerical parameters, for example using LAGRANGE
multipliers. Besides the stiffnesses or the numerical parameters, those models contain at least
one COULOMB friction element. When using an elastic contact model, values for one contact
stiffness normal to the contact area and two perpendicular tangential stiffnesses have to be
determined. The necessity of including a stiffness-like behaviour in the contact model arises
from the roughness of the contact surfaces and the deformation of the roughness peaks under
force. It was shown that the convergence behaviour of the underlying solving routine using
a contact model incorporating idealized springs is sensitive for changes in the actual value
of their stiffness [2]. Therefore the stiffnesses have to be chosen with great care. Typically
the contact stiffnesses are determined by rig tests or by Finite-Element Analysis. It arises the
question under which experimental or simulative circumstances the stiffnesses are properly
calculated. The parameters of the contact models are highly uncertain. Depending on how the
parameters are chosen, a broad range of possible stiffness values could be calculated from the
same model. This problem of determining the correct value for the contact stiffnesses and its
underlying problems is discussed. Furthermore the possibilities of treating the so called con-
tact stiffness as a purely numerical, or residual, parameter (e.g. as a LAGRANGE multiplier),
as mentioned above, are presented and compared against the contact models with idealized
springs.
References
[1] L. Panning-von Scheidt. Auslegung von Reibelementen zur Schwingungsdämpfung von
Turbinenschaufeln. Dissertation (2005).
[2] A. Herzog, M. Krack, L. Panning-von Scheidt, J. Wallaschek. Comparison of two widely-
used frequency-time domain contact models for the vibration simulation of shrouded tur-
bine blades. Proceedings of ASME Turbo Expo (2014).
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08.03.2016 08:30 Julia Christmann Altgebäude (Pockelsstrasse), Raum PK4.1
Discussion of Different Model Approaches for the Flow Behavior of Ice
Julia Christmann (TU Kaiserslautern), Ralf Müller (), Angelika Humbert ()
A common assumption is that ice of Antarctic ice shelves behaves on the long-term like a
viscous fluid. However, recent observations suggest that on shorter time scales the elastic
response is relevant [1]. Therefore, a viscoelastic material model is required to assure the
short-term elastic as well as the long-term viscous behavior. Additionally, the short-term
elastic behavior of ice is assumed to be brittle and compressible [2]. To point out the effects
of the application of a viscoelastic instead of a viscous model, the viscous model must also
include compressibility. In most ice flow models, ice is only simulated with an incompressible
laminar flow model assuming a constant or a nonlinear Glen-type viscosity [3]. These models
have the velocities and the fluid pressure as unknowns. At first these results are compared
to a model, which approximates the thermodynamic pressure by an elastic isometric stress
described by a constitutive relation [4]. The unknowns in this case are the displacements.
The stress is split into a volumetric and a deviatoric part. The volume change are assumed
to be linear elastic. In order to compare the pressure with the elastic isometric stress, the
incompressibility is described by a Poisson’s ratio of 0.5. Compressibility can simply be
included by a modification of Poisson’s ratio. The viscous material is only described by the
deviatoric stress part. Afterwards, a comparison of effects using a viscoelastic material model
rather than a viscous one is discussed. Finally, examples will demonstrate, the differences
between small deformations and a finite strain setting. All different modeling assumptions
will be analyzed by examples that focus on the deformation behavior of ice shelves. This
understanding is crucial to derive calving laws.
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08.03.2016 08:50 Imadeddin Zreid Altgebäude (Pockelsstrasse), Raum PK4.1
Microplane Modeling of Cyclic Behavior of Concrete: A Gradient Plasticity-Damage
Formulation
Imadeddin Zreid (Technische Universität Dresden), Michael Kaliske (Technische Universität
Dresden)
An implicit gradient enhanced microplane model is developed to simulate the behavior of
concrete under cyclic loading conditions. Pure damage mechanics or pure plasticity models
yield satisfactory results for concrete under monotonic loading but cannot capture correctly the
unloading and reloading response under cyclic loading. Therefore, coupling damage and plas-
ticity is necessary for accurate constitutive modeling of concrete. The macroscopic plasticity-
damage formulation presented in [1] is adapted within a thermodynamically consistent mi-
croplane framework. The microplane model offers a straightforward approach to simulate
induced anisotropy by formulating the material laws on many randomly oriented planes. Dis-
tinguishing between compression and tension response using the proper plastic yield function
and damage laws is considered. Furthermore, an essential component of any strain softening
material model is a localization limiter to handle the pathological mesh sensitivity. The im-
plicit gradient enhanced formulation derived in [2] is extended to the new coupled model. The
new formulation is implemented within a 3D finite element code and numerical examples are
simulated and compared to experiments in order to evaluate the capabilities of the model.
[1] Lee, J., Fenves, G. L. (1998). Plastic-damage model for cyclic loading of concrete structures.
Journal of Engineering Mechanics, 124, 892-900.
[2] Zreid, I., Kaliske, M. (2014). Regularization of microplane damage models using an implicit
gradient enhancement. International Journal of Solids and Structures, 51, 3480-3489.
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08.03.2016 09:10 Patrick Zerbe Altgebäude (Pockelsstrasse), Raum PK4.1
Viscoelastic-Viscoplastic-DamageModeling of Thermoplastics under Long-TermCyclic
Loading
Patrick Zerbe (Robert Bosch GmbH), Benjamin Schneider (Robert Bosch GmbH), Michael
Kaliske (Technische Universität Dresden)
Thermoplastics subjected to long-term static loads show increasing deformations with time,
so-called creep, ultimately leading to failure. Here, an experimental scenario with periodic
unloading on the semicrystalline thermoplastic polyoxymethylene is discussed. During the
unloading phases a partial time-dependent recovery of the deformation is observed. Addition-
ally, intermediate unloading seems to be beneficial to the material as it shows an increase in
the load-carrying time before failure of the specimen.
A recently proposed material model covers these observed effects, see [1] for characteristic
experiments and a preliminary version of the model. Based on a finite strain formulation from
[2], a material model was developed which consists of viscoelastic, viscoplastic and damage
contributions. The damage evolution is delayed through a newly introduced recovery concept
for long time periods incorporating the potential lifetime increase. The model is implemented
into a Finite Element software using a fully implicit integration scheme. Exemplary simula-
tions show the validity of the model compared to experiments.
Due to non-monotonic changes induced by cyclic loading and the complexity of the material
model with time-dependent inelastic processes, detailed transient Finite Element calculations
of large models for many loading cycles are computationally very expensive. However, the
cyclic nature of the loading may be used to develop numerical methods that approximate the
calculation of several loading cycles in a single step as, e.g., in [3]. Hence, only a fraction of
the original computational effort remains and larger components subjected to many loading
cycles may be simulated in a reasonable amount of time. Such methods are currently being
investigated for the given case and will be presented.
References
[1] P. Zerbe, B. Schneider, E. Moosbrugger, and M. Kaliske, Proc. Appl. Math. Mech. 15,
375–376 (2015).
[2] C. Miehe and M. Lambrecht, Commun. Numer. Meth. Engng. 17, 337–353 (2001).
[3] S. Burlon, H. Mroueh, and J.P. Cao, Comput. Geotech. 61, 209–220 (2014).
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08.03.2016 08:30 Julia Mergheim Altgebäude (Pockelsstrasse), Raum PK4.3
A phenomenological model for self-healing thermosetting polymers
Julia Mergheim (FAU Erlangen-Nürnberg)
The present contribution introduces a phenomenological model for self-healing polymers.
Self-healing polymers are a promising class of materials which mimic nature by its capability
to autonomously heal micro-cracks. The self-healing process in thermosetting polymers is
accomplished by integrating microcapsules filled with a healing agent and a dispersed catalyst
into the material. Propagating microcracks break the capsules which release the healing agent
into the microcracks where it polymerizes with the catalyst, closes the cracks and ’heals’ the
material.
The present modelling approach is attached to the macroscopic scale and the microscopic
effects of crack propagation and healing are described by means of continuous damage and
healing variables. The damage variable evolves when a certain failure limit is exceeded and
describes the degradation of the material. A scalar damage variable is defined, that reduces the
elastic properties, ranging from 0 (undamaged state) to 1 (fully damaged state). Since healing
of the material, i.e. the recovery of material stiffness or integrity at a material point, is directly
related to the curing process of the healing agent in microcracks, the evolution of the healing
variable is based on the evolution of the mechanical properties during the process of cure. In
contrast to existing damage-healing models, the healing variable is not merely introduced as
an ’opposite variable’ to the damage variable, but it defines the amount of newly emerging
material (due to polymerization), equipped with its own strain energy density. This strain en-
ergy density takes into account that the curing process of the healing material only increases
the stiffness, but not its stress or strain energy unless the strain state is changed.
The model is implemented and its capabilities are studied by means of numerical experi-
ments.
587

08.03.2016 08:50 Carmen Sguazzo Altgebäude (Pockelsstrasse), Raum PK4.3
Experimental and Numerical Study of Polypropylene/Polyethylene Thin Foil in Biaxial
Tension
Carmen Sguazzo (TU Clausthal), Sebastian Betz (TU Clausthal), Stefan Hartmann (TU
Clausthal)
The use of polymers in structural and industrial field has significantly increased in the last
years. In automotive applications, for example, thin polymers are frequently used within lay-
ered composites because of their contribution to lightweight and their capability of improving
the damping characteristics. Composite materials are employed in connection with manufac-
turing techniques, like forming processes, which are characterized by challenging production
objectives. On the one hand, this leads to an increasing request of numerical models able
to reproduce such processes, and, on the other hand, it highlights the need of investigating
the behavior of each material under different complex loading conditions. Biaxial tensile
tests characterize such kind of processes, so that it is relevant to evaluate the capability of
the considered materials under such loading conditions. The material uder consideration is a
thermoplastic copolymer blend of polypropylene and polyethylene (PP/PE), constituting the
core layer of a steel/polymer/steel composite material. In order to study its behavior under in-
plane complex stress states, a biaxial loading frame has been developed. A cruciform PP/PE
specimenis biaxially loaded within its plane by four engines and the middle of the specimen
is kept fixed in the center during the experimental tests. In order to obtain a uniform biax-
ial strain distribution in the middle region of the specimen and a minimization of the strain
concentrations within the arms, we preliminary perform a study on the shape optimization of
the specimen by means of numerical finite element simulations and experimental tests. Af-
terwards, we investigate the sensitiveness of the mechanical response to the displacement-rate
under both equibiaxial and non-equibiaxial test conditions. All the experiments are monitored
by means of a digital image correlation (DIC) system, providing full-field measurements of
the displacements, and, consequently, of the strain distribution. The biaxial test results will be
used in the near future for validating the material model developed for the PP/PE layer.
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08.03.2016 09:10 Maria Angeles Martinez Page Altgebäude (Pockelsstrasse), Raum
PK4.3
Experimental investigation, material modeling and parameter identification of a zinc
die-casting alloy
Maria Angeles Martinez Page (TU Clausthal), Stefan Hartmann (TU Clausthal)
Due to its mechanical properties and its advantageous manufacturing process, many industri-
ally produced parts of cars and machines consist of a zinc die-casting material. The family of
zinc die-casting alloys with a constant amount of 4% aluminum as well as copper and magne-
sium is known as Zamak. Classical models, such as von Mises plasticity, cannot predict the
thermo-mechanical structural behavior of such a material, which exhibits highly non-linear
rate-dependent effects, distinct aging properties as well as size-dependence of thin-walled
parts.
The way, we have adopted to develop an appropriate constitutive model, which can describe
its complex behavior, is, firstly, the consideration of the basic mechanical effects as a basis of
the model, that is, the rate-dependence and the relaxation behavior. After that, the extension
of the model to include other effects, such as the temperature-dependence or aging, and the
coupling between each other has to be investigated. The goal of the presentation is to show
the results of the investigation of the rate-dependent behavior at room temperature of a zinc
die-casting alloy and its modeling. To this end, monotonic and multi-step relaxation exper-
iments of thin-walled specimens of Zamak 5 in tension, compression and torsion have been
carried out. Based on these experiments, a constitutive material model of the viscoplasticity
for small deformations has been developed. This model has a partitioned structure, which al-
lows a parameter identification in different steps, distinguishing between the equilibrium and
the overstress part. Moreover, the restrictions for the parameters and the correlation between
the parameters, which are identified simultaneously, are of special interest within the parame-
ter identification. Finally, the numerical implementation of the model and its application using
finite element simulations are shown.
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The effective heat conduction of short fibre reinforced materials considering the fibre
distribution
Niels Goldberg (TU Chemnitz), Jörn Ihlemann ()
Material models for short fibre reinforced materials have to cover a wide range of character-
istics. The composition of constituents with different physical properties and different ge-
ometries comes along with numerous complex interactions. The high contrast between the
fibres’ and the matrix’s stiffness combined with the large aspect ratio of the fibres induces
strongly anisotropic mechanical behaviour. In addition, the different thermal properties of
matrix and fibre result in anisotropic thermal strain and heat conduction. This contribution
focuses on the effective heat conductivity of short fibre reinforced materials. For this purpose,
a representative volume element (RVE), which is able to represent all possible fibre distribu-
tions, is introduced and modelled in ABAQUS. In order to determine the effective thermal
properties utilising the finite element method, suitable boundary conditions and evaluation
methods must be applied. Therefore the concept of thermal periodic boundary conditions
in combination with three auxiliary nodes is explained. With the help of the RVE, the heat
conductive behaviour is explored for all different fibre distributions, according to an Angular
Central Gaussian distribution function. Thus, a constitutive material model, which oughts to
reproduce the RVE’s behaviour, is motivated. This model is based on the integration of single
directions over the unit sphere (cf. [1]) and employs the second moment of the fibre distri-
bution function. A comparison of the resulting constitutive model with the RVE shows the
material model’s capability to reproduce the effective heat conduction.
References
[1] S.G. Advani , C.L. Tucker. The use of tensors to describe and predict fiber orientation in
short fiber composites. Journal of Rheology 31(8) (1987), 751–784.
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A numerical framework for rheological models based on the decomposition of the de-
formation rate tensor
Hendrik Donner (Technische Universität Chemnitz), Jörn Ihlemann (Technische Universität
Chemnitz)
In this contribution, a numerical framework for rheological models based on the additive de-
composition of the deformation rate tensor is presented. Following the approach of [1], hyper-
elastic elements can be modelled easily without the need for a logarithmic stress rate [2]. A
major part of the contribution deals with the appropriate solution of the differential equation
defining the elastic deformations. Under the assumption of a constant velocity gradient tensor
in the current time step, a closed-form solution will be presented, which exactly preserves hy-
perelasticity, plastic incompressibility, and additionally, is invariant under an arbitrary change
of the reference configuration. The capabilities and numerical properties of the framework
will be demonstrated by means of cyclic simple shear tests on two inelastic materials. The
first one is an elasto-plastic material with kinematic hardening according to Prager and the
second one is the visco-plastic material according to Schwedoff. Finally, to illustrate the suit-
ability of the framework for the solution of practical relevant problems using the finite element
method, a cyclic bending test of a cantilevered beam is simulated with Abaqus adopting its
user subroutine UMAT.
References
[1] W. A. Palmow, Rheologische Modelle für Materialien bei endlichen Deformationen, Tech-
nische Mechanik 5 (1984), Heft 4, 20–31
[2] O. T. Bruhns, H. Xiao, and A. Meyers, A self-consistent Eulerian rate type model for
finite deformation elastoplasticity with isotropic damage, International Journal of Solids
and Structures 38 (2001), 657–683
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Large strain transversely isotropic viscoplasticity by directly connected rheological ele-
ments
Robert Kießling (Technische Universität Chemnitz), Jörn Ihlemann (Technische Universität
Chemnitz)
To perform finite element simulations of an intrinsic hybrid composite structure, precise ma-
terial models of the deployed components such as a fibre-matrix composite are required. In
this contribution, a transversely isotropic viscoplastic material model at large strains is de-
veloped to predict the mechanical response of a polymer matrix with unidirectional fibre-
reinforcement.
First, a material model of the matrix material is formulated starting from a phenomenological
description. To this end, a rheological model is motivated from the micro-mechanical be-
haviour of a semi-crystalline polymer. The appropriate isotropic viscoplastic material model
is deduced applying an approach of material modelling by Ihlemann [1]. As shown by Land-
graf & Ihlemann [2] and Kießling et al. [3], this approach enables material modelling at
large strains based on directly connected rheological elements. Accordingly, kinematic re-
lations are deduced from the rheological model within the framework of the multiplicative
decomposition of the deformation gradient. Then, individual material models, i.e. the single
rheological elements, are defined. Furthermore, relations are formulated demanding the stress
power equivalence of the rheological connections. Within the numerical implementation of the
resulting vsicoplastic material model, these connection relations are numerically solved. Con-
sequently, the required material model of the non-reinforced polymer is completely defined
by the directly connected rheological elements.
The matrix’s material model is utilised in a finite element simulation to characterise the ma-
terial behaviour of an unidirectional reinforced polymer. For this purpose, a representative
volume element of a polymer matrix with a fibre constituent is selected. Applying periodic
boundary conditions, the effective material properties of the regarded fibre-matrix composite
are determined from a variety of finite element simulations.
Based on the simulation results of typical deformation tests, a homogenised material model
of the unidirectional fibre-matrix composite is evolved by an extension of the matrix material
model, which covers anisotropic effects. Thereto, a connection relation regarding the fibre
volume content is introduced and an element of anisotropic hyperelasticity is defined. The
resulting transversely isotropic viscoplastic material is again implemented. Finally, the ac-
cording material parameters are identified from the results of the finite element simulations of
the representative volume element.
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The correlation between strain hardening and grain refinement in FCC single crystals
during the ECAP process
Esmaeil Tohidlou (Magdeburg University), Rainer Glüge (Magdeburg University), Albrecht
Bertram (Magdeburg University)
The microstructure of materials plays an important role in the mechanical properties of crys-
talline materials. For this reason, the Equal Channel Angular Pressing (ECAP) is employed
to modify the microstructure of metallic materials. It is clear that there is a connection of
the microstructure and texture evolution with the constitutive behavior during the deformation
process. To investigate the relationship between strain hardening and microstructural features,
a rate-dependent elasto-viscoplastic material model based on theory of materials with isomor-
phic elastic ranges [1] is applied. The shear strain rate on the slip system follows Hutchinson’s
flow rule [2]. Three-dimensional finite element modeling of the ECAP process has been imple-
mented in Abaqus/Standard. Various hardening models [3, 4] are used in the material model.
The least square method with the Levenberg-Marquardt algorithm has been applied to identify
the optimal parameters for different hardening models. The initial and final orientations after
a single pass are evaluated to study subgrain formation during the forming process. The (111)
pole figures show that all hardening models predict the same trends in the grain refinement
as observed in experiments, but the intensity differs. Also the misorientation analysis repre-
sents that the grain fragmentation has occurred with low angle grain boundaries. The effect
of hardening on the grain refinement is studied by the latent hardening ratio in the form of
the latent hardening matrix. The results reveal that for an increasing ratio of latent hardening
to self-hardening the orientations are heterogeneously scattered around the initial orientation.
Also the grain boundaries are moving from low angle grain boundaries to large angle grain
boundaries. By reconstructing the microstructure after the ECAP process, the correlation be-
tween the strain hardening and grain refinement is investigated. The results show that when
the active and latent slip systems harden equally, the number of subgrains is minimum, and
with increasing the latent hardening ratio the number of subgrains increases.
References
[1] A. Bertram, Elasticity and plasticity of large deformations: an introduction, Springer-
Verlag Berlin Heidelberg, Berlin and Heidelberg (2012).
[2] J. W. Hutchinson, Bounds and self-consistent estimates for creep of polycrystalline mate-
rials, Proceedings of the Royal Society A 348 (1976), 101–127.
[3] U. F. Kocks, Laws for work-hardening and low-temperature creep, Journal of Engineering
Materials and Technology 98 (1976), 76–85.
[4] S. B. Brown, K. H. Kim, and L. Anand, An internal variable constitutive model for hot
working of metals, International Journal of Plasticity 5 (1989), 95–130.
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Evolution of the stiffness tetrads of fibre reinforced materials under large deformations
Martin Weber (Otto-von-Guericke-Universität Magdeburg), Albrecht Bertram (Otto-von-
Guericke-Universität Magdeburg), Rainer Glüge (Otto-von-Guericke-Universität Magde-
burg)
The objective is to develop a phenomenological finite plasticity theory which describes the
evolution of anisotropy. The theory is called Material Plasticity after [1] and [2]. It will be
applicable to, e.g., fibre-reinforced materials. The main difference to a common plasticity
theory is the different evolution of the stiffness tetrad and of the stress-free placement during
a plastic deformation.
The aim of this work is to develop a method to determine the stiffness tetrad of a fibre rein-
forced material. The method should work for the undeformed material and in addition also
for a material after a large plastic deformation. Afterwards both stiffness tetrads will be com-
pared. Then it is necessary to find out how to transform the stiffness tetrad and also how
to predict the evolution. In this work we investigate an uniaxial reinforced material sample.
We build up a representative volume element (periodic boundary conditions, see [3]) with
a hexagonal fibre arrangement which represents a transversely isotropic material. Therefor
we use an elastic-plastic material model for large deformations (isomorphy concept). After
calculating the stiffness tetrads we investigate their evolution during different deformations.
It turns out that it is possible to predict the evolution of the stiffness tetrad for transversal
isotropic materials with sufficient accuracy using one second order tensor.
References
[1] Forest, S. and Parisot, R., 2000, Material crystal plasticity and deformation twinning,
Geom., Cont. and Micros. I (58,1), 99–112
[2] Bertram, A., Elasticity and Plasticity of Large Deformations - an Introduction, Springer-
Verlag, Berlin Heidelberg 2012
[3] Glüge, R., Weber, M. and Bertram, A., 2012, Comparison of spherical and cubical statis-
tical volume elements with respect to convergence, anisotropy, and localization behavior,
Comput. Mater. Sci. 63, 91–104
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08.03.2016 17:40 Albrecht Bertram Altgebäude (Pockelsstrasse), Raum PK4.1
Higher Gradient Elasticity and Plasticity
Albrecht Bertram (Universität Magdeburg)
The intention of this paper is to give a framework for the modelling of size effects in elasto-
plasticity. It is based on an approach by Ref. [1] where the thermodynamics of second-gradient
materials is presented. In the present contribution we generalize this approach to gradient ma-
terials of arbitrary order. The balance laws for this class of materials have been described in
[2]. In a first part, the mechanical theory of linear elasticity is outlined. This is followed by a
complete thermodynamical format for thermoelasticity and thermoplasticity.
The theory is based on the assumption of identical thermoelastic behaviour in all elastic ranges,
see Ref. [3]. This means that all measurable thermoelastic properties are not affected by plas-
tic deformations. This concept has been introduced in [4] in the context of large deformations.
In the present contribution, however, we limit ourselves to small deformations for the sake of
simplicity and clearness. For finite deformations the reader is referred to [5] and [6].
A simple version of the isotropic elastic law has been implemented into ABAQUS and used to
calculate specific boundary-value problems. The regularizing effect of the gradient terms can
thus be clearly visualised.
The present results on gradient materials have been collected in Ref. [7] which can be freely
downloaded.
References
[1] A. Bertram, S. Forest: The thermodynamics of gradient elastoplasticity, Continuum Mech.
Thermodyn. 26, 269-286 (2014)
[2] A. Bertram and S. Forest, Mechanics based on an objective power functional. Techn.
Mechanik 27,1, 1-17, (2007)
[3] A. Bertram and A. Krawietz. On the introduction of thermoplasticity. Acta Mechanica
223,10, 2257-2268, (2012)
[4] A. Bertram, Elasticity and Plasticity of Large Deformations - an Introduction. Springer-
Verlag, (2005, 2008, 2012)
[5] A. Bertram: Finite gradient elasticity and plasticity: a constitutive mechanical framework.
Continuum Mech. Thermodyn., 27,6, 1039-1058 (2015)
[6] A. Bertram: Finite gradient elasticity and plasticity: a constitutive thermodynamical
framework. Continuum Mech. Thermodyn., DOI 10.1007/s00161-015-0417-6 (in press)
[7] A. Bertram: Compendium on Gradient Materials.
http://www.ifme.ovgu.de/ifme_media/FL/
Veroeffentlichungen/book_on_gradients15_10_2015-p-1342.pdf (2015)
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A numerical study on viscoelasticity in finite strain using a microstructure based model
for filled elastomers
Rathan Raghunath (Deutsches Institut für Kautschuktechnologie e.V. (DIK)), Daniel Juhre
(Deutsches Institut für Kautschuktechnologie e.V. (DIK)), Manfred Klüppel (Deutsches Insti-
tut für Kautschuktechnologie e.V. (DIK))
The Dynamic Flocculation Model (DFM) is a micro-structure based model of rubber rein-
forcement which is developed on a physical framework to describe the non-linear and in-
elastic mechanical behavior of filled elastomers [1]. This one-dimensional material law has
been implemented into the finite element code using the concept of representative directions
[2], which allows the generalization of one dimensional model to compute three dimensional
stress-strain states. The model shows very good agreement with the standard quasi-static
multi-hysteresis tests on CB-filled elastomers like NR, SBR or EPDM among others. An ex-
tension of this model to include time dependent effects allows to consider the filler induced
dynamic response such as strain rate dependency, amplitude dependency and stress relaxation.
The physical hypothesis of characterizing the filler clusters as time-dependent parameters is
described in cf.[3] and cf.[4]. In this work contribution the quasi-static DFM model was ex-
tended to include the time-dependent effects using first-order differential relaxation equation
which evolves as a function of time. Subsequently, the corresponding parameters were identi-
fied through curve fitting and the model was further validated against associating experiments.
The influence of each parameter on the course of change in material behavior has been inves-
tigated. The major advantage of the model is its physically meaningful parameters and the
ability to reproduce the material response at different loading rates under arbitrary deforma-
tion using the single parameter set for each rubber compound.
Acknowledgment
The authors would like to acknowledge the financial and technical support provided by Goodyear
Innovative Center (GIC*L) and FNR, Luxembourg.
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[1] M. Klüppel, 2003. The role of disorder in filler reinforcement of elastomers on various
length scales. Adv. Polym. Sci. 164, 1-86.
[2] M. Freund, H. Lorenz, D. Juhre, J. Ihlemann and M. Klüppel, 2011. Finite element imple-
mentation of a microstructure based model for filled elastomers. Int. Jnl. of Plasticity 27,
902-919.
[3] D. Juhre, R. Raghunath, M. Klüppel and H. Lorenz. A microstructure-based model for
filled elastomers including time-dependent effects. ECCMR, 293-298, 2013.
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Extension of DFM andMORPH in representative directions to viscous effects via Prony
series approach
Nils Hendrik Kröger (Deutsches Institut für Kautschuktechnologie e.V.), Rathan Raghunath
(Deutsches Institut für Kautschuktechnologie e.V.), Daniel Juhre (Deutsches Institut für
Kautschuktechnologie e.V.)
Filled elastomers are showing not only pronounced material softening and moderate inelastic
behaviour, e.g. Mullins and Payne effect, but also creep and relaxation phenomena can be
observed.
Common material models to characterize the complex behaviour of those elastomers are the
MOdel for Rubber PHenomenology (MORPH, e.g. [1]) and the Dynamic Flocculation Model
(DFM, e.g. [2]). In general, one neglects the time-dependent effects and conducts experiments
for characterization for modes which are quasi-static. With higher velocity in tension tests and
especially with increasing filler content, the contribution of time-dependent effects are well
pronounced and neglecting them is no longer reasonable.In this paper we present a modelling
approach for viscohyperelasticity based on both stated material models as well as the classic
Mooney-Rivlin model, extending them formulated in representative directions via a Prony
series and integral approach, e.g. [4]. Based on their uniaxial formulation the material laws for
MORPH and DFM are extended for the first Piola-Kirchhoff stress P via the integral equation
with a kernel G of prony series type
P= P∞+
t∫
0
G(t− s) d
ds
P0(s)ds
for viscous effects. Hereby, the quasi-static behaviour is described by P∞, whereas the instan-
taneous response is captured by P0. Using the concept of representative directions, e.g. [4], the
models are implemented in 3d for FEM.
References
[1] J. Ihlemann. Kontinuumsmechanische Nachbildung hochbelasteter Gummiwerkstoffe. In:
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ers including strain rate and amplitude dependency in finite viscoelasticity. International
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[3] M.A.P. Mohammed. Visco-Hyperelastic Model for Soft Rubber-like Materials. Sains
Malaysiana. 43(3)(2014), 451–457.
[4] M. Freund, J. Ihlemannn. Generalization of one-dimensional material models for the finite
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Second strain gradient elasticity for finite deformations
J. Christian Reiher (Otto-von-Guericke Universität), Albrecht Bertram (Otto-von-Guericke-
Universität)
A constitutive framework for a general second strain gradient elasticity for finite deformations
is suggested by extending the concepts in [Bertram 2014] and [Bertram 2015]. The basic as-
sumptions are the principle of Euclidean invariance and that mechanical power is a continuous
linear functional. The starting point is the Riesz representation of the stress power during a
motion. In this representation the first, second and third velocity gradient each have a power
conjugate stress tensor. Bringing the power functional into a material form yields power con-
jugate material stress and strain tensors of order two, three and four. It turns out, that there is
no uniquematerial third-order stress tensor that is power conjugate to the material third-order
strain tensor. Only a tupel of material third- and fourth-order strain tensors can be thought of
as being power conjugate to a tupel of material third- and fourth-order stress tensors. With
these results the transformation behaviour of the derived material stress and strain tensors un-
der changes of the reference placement is investigated, an elastic energy is introduced and its
transformation behaviour under changes of reference placement is derived. Furthermore the
concept of symmetry groups is generalized to account for second and third strain gradients.
References
[Bertram 2015] Bertram, A. Compendium on Gradient Materials, Otto-von-Guericke-University
Magdeburg 2015, version 15.10.2015,
http://www.ifme.ovgu.de/fl_veroeffentlichungen.html
[Bertram 2014] Bertram, A. Finite gradient elasticity and plasticity: a constitutive mechan-
ical framework, Continuum Mech. Thermodyn 26 (6), 2014.
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Computational modeling and simulation of single crystals at small scales
Edgar Husser (Helmholtz-Zentrum Geesthacht), Swantje Bargmann (Hamburg University of
Technology)
A finite-deformation strain gradient crystal plasticity model is developed and implemented in
a three-dimensional finite element framework in order to study the influence of geometrically
necessary dislocations (GNDs) in micro-mechanical testing of single crystals, for instance in
microcompression experiments [1] or microbending tests [2]. The potential-based and ther-
modynamically consistent material model is formulated in a non-local and non-linear inelastic
context in which dislocation densities are introduced via strain gradients. In the 3D context,
the model predicts both, the distribution of edge and screw type dislocations and accounts for,
e.g., size effects due to accumulation of GNDs (geometrically necessary dislocations), dislo-
cation interactions in terms of latent hardening, and the Bauschinger effect [3]. The robust
solution algorithm is based on a numerically efficient non-standard finite element strategy to
solve the highly coupled and highly nonlinear system of equations.
Presented numerical examples are directly related to experiments. For instance, it is shown
that the inclusion of the strain gradient into the free energy enables a reasonable prediction
of the deformation behaviour in the case of micro-pillar compression. Here, a typical distinct
slip band formation is successfully reproduced by the presented theory. This is experimentally
supported by an EBSD analysis of the thinned cross-section of a deformed sample where the
correlation between the obtained lattice rotation and calculated GND distributions showed
great accordance.
References
[1] E. Husser, E. Lilleodden, S. Bargmann (2014): Computational modeling of intrinsically
induced strain gradients during compression of c-axis-oriented magnesium single crystal. In:
Acta Materialia, 71, 206-219.
[2] E. Husser & S. Bargmann: The role of geometrically necessary dislocations in cantilever
beam bending experiments of copper single crystal. Submitted, 2015.
[3] S. Bargmann, B. Svendsen, M. Ekh (2011): An extended crystal plasticity model for latent
hardening in polycrystals. In: Computational Mechanics, 48, 631-645.
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Modelling additive manufactured materials using a crystal plasticity model
Andreas Kergaßner (Chair of Applied Mechanics Friedrich-Alexander University Erlangen-
Nürnberg), Julia Mergheim (Chair of Applied Mechanics Friedrich-Alexander University
Erlangen-Nürnberg), Paul Steinmann (Chair of Applied Mechanics Friedrich-Alexander Uni-
versity Erlangen-Nürnberg)
In additive manufacturing complex parts are built from thin layers of powder material. In the
process called selective electron beam melting (SEBM), the powder is fused by the energy
of an electron beam.The electron beam is guided by electromagnetic fields which allows a
very fast deflection, opening the way to various scan strategies.By using these scan strategies
it is possible to control the resulting mesostructure in the material, which may range from
a columnar to an equiaxed grain structure.With different grain structures, different macro-
scopic properties are expected. Long and oriented grains cause highly anisotropic behaviour
and a uniform grain stucture will result in isotropic mechanical behaviour.In this contribution
the macroscopic behaviour of additively manufactured Inconel 718 will be identified using a
crystal plasticity model on the meso-level. The experimentally observed grain structures will
be used to generate a representative volume element. Based on this RVE and computational
homogenization, macroscopic mechanical parameters will be identified and compared with
experimental results.
613

08.03.2016 17:40 Mubeen Shahid Altgebäude (Pockelsstrasse), Raum PK4.3
Crystal Plasticity: Continuum Theory with Evolution of Dislocation Density.
Mubeen Shahid (Ruhr Universität Bochum)
A model of crystal elasto-viscoplasticity based on continuum theory for evolution of mobile
dislocations’ density is presented. Although it is firmly established that plastic deformation
in ductile crystalline materials depends on attributes related to dislocations, there is still no
universally unique framework to relate these attributes to plastic deformation qualitatively and
quantitatively.
In this work, gradient dependent mobile dislocation density flux relations are used for the
theoretical setup of evolution of dislocation density. The plastic strain rate is connected to
dislocations’ momentum in slip systems, via Orowan’s plastic slip-rate relation. Further, the
mean glide velocity of dislocations is linked to resolved shear stresses on respective slip sys-
tems via yield function.
The source terms in dislocation density flux expressions are optionally omitted to simplify the
numerical implementation at the initial stages of this work.
Numerical simulation of this theoretical model for crystal visco-elastoplasticity, is carried out
as an attempt to validate the model for dislocations’ influence, near the crack tip during ductile
fracture in metals, on the crack growth and vice versa. Some results from numerical simula-
tion of the proposed crystal elasto-viscoplasticity model are discussed.
This method, though based on continuum theory, provides a simple way for linking the an-
nihilation or generation functions in evolution relations, to physics based dislocation density
relations at lower scales. Numerical application of the model is discussed in context of crack
growth in ductile fracture [1,2]. A comparison with sophisticated models of Continuum Dis-
location Dynamics [3,4] is also presented.
[1] R.W. Lardner, A dislocation model for fatigue crack growth in metals, Philosophical
Magazine, 17:145 (1968), 71-82.
[2] G.P. Cherepanov et al., Dislocation generation and crack growth under monotonic load-
ing, 78(1O), 1995, J. Appl. Phys., 78(10) (1995), 6249-6264.
[3] T. Hochrainer, M. Zaiser, P. Gumbsch, A three-dimensional continuum theory of disloca-
tion systems: kinematics and mean-field formulation, Philosophical Magazine, 87:8-9
(2007), 1261-1282.
[4] S. Sandfeld, T. Hochrainer, P. Gumbsch, M. Zaiser, Numerical implementation of a 3D
continuum theory of dislocation: dynamics and application to micro-bending, Philo-
sophical Magazine, 90:27-28 (2010), 3697-3728.
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A variational model for the functional fatigue in polycrystalline shape memory alloys
Johanna Waimann (Ruhr-Universität Bochum), Philipp Junker (Bergische Universität Wup-
pertal), Klaus Hackl (Ruhr-Universität Bochum)
Shape memory alloys show a very complex material behavior associated with a diffusion-
less solid/solid phase transformation between austenite and martensite. Due to the resulting
(thermo-)mechanical properties - namely the effect of pseudoelasticity and pseudoplasticity,
they are very promising materials for the current and future technical developments. However,
the martensitic phase transformation comes along with a simultaneous plastic deformation and
thus, the effect of functional fatigue.
We present a variational material model that shows this effect based on the principle of the
minimum of the dissipation potential. Therefore, we use a combined Voigt/Reuss bound and a
coupled dissipation potential to predict the microstructural developments in the polycrystalline
material. We present the automatically resulting evolution equations for the used internal vari-
ables and yield functions. In addition, we show some numerical results to prove our model’s
ability to predict the shape memory alloys’ complex inner processes and compare them with
the experimentally observed material behavior.
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Crystal Plasticity Finite Element Simulations based on Continuum Dislocation Dynam-
ics
Alireza Ebrahimi (Universität Bremen), Thomas Hochrainer (Universität Bremen)
Plastic deformation of crystalline materials is the result of the motion and interaction of dis-
locations. Continuum Dislocation Dynamics (CDD) defines flux-type evolution equations of
dislocation variables which can capture the kinematics of moving curved dislocations. The
lowest order closure of CDD is based on only three internal variables per slip system, namely
the total dislocation density, the classical dislocation density tensor and the so called curvature
density. The evolution of the dislocation variables is governed by a constitutive law for the
dislocation velocity which depends on the resolved shear stress and mesoscopic stress con-
tributions comprising the density variables. Coupled with Orowan’s law, which connects the
plastic slip rate to the dislocation flux, CDD defines a dislocation density based material law
for crystal plasticity.
In this work we present the implementation of CDD as a materials subroutine (UMAT) for
Abaqus, employing the crystal plasticity framework DAMASK. Internal stresses resulting
from initial dislocations are obtained by prescribing the eigenstrain introduced by them. As an
example, we provide simulations of micro-bending experiments, which are compared to DDD
simulations from the literature. We show that the size-effect in micro-bending can be ob-
tained from CDD in close correspondence to DDD simulations. Furthermore, we demonstrate
that the accumulated plastic slip shows unique features of DDD simulations, such as reduced
plasticity towards the free surface of the beam and a missing elastic core. The dislocation
microstructure observed in DDD simulations, with pile-ups of geometrically necessary dislo-
cations towards the center of the beam, is also retrieved in the density variables of CDD.
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Modeling of microstructural pattern formation in crystal plasticity
Benjamin Klusemann (Leuphana Universität Lüneburg, Helmholtz-Zentrum Geesthacht)
The mechanical behavior of most materials is dictated by a present or emergent underlying
microstructure which is a direct result of different, even competing physical mechanisms oc-
curring at lower length scales. In this work, energetic microstructure interaction via different
non-convex contributions to the free energy in metals is modeled. For this purpose rate de-
pendent gradient extended crystal plasticity models at the glide-system level are formulated.
The non-convex energy serves as the driving force for the emergent microstructure. The com-
petition between the kinetics and the relaxation of the free energy is an essential feature of
the model. Non-convexity naturally arises in finite-deformation single-slip crystal plasticity
and the results of the gradient model are compared with an effective laminate model based
on energy relaxation. Both models predict the formation of first-order laminates. Algorithmic
and numerical aspects will be discussed and compared.
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08.03.2016 17:00 Ashutosh Gandhi Altgebäude (Pockelsstrasse), Raum PK4.7
A computational two-scale model for the simulation of micro-heterogeneous low-alloyed
TRIP steels
Ashutosh Gandhi (TU Dresden), Stefan Prüger (TU Dresden), Daniel Balzani (TU Dresden)
Advanced high strength steels possess advantageous macroscopic properties such as high
strength and ductility, and are therefore standard in automotive applications today.Transformation
induced plasticity (TRIP) steel makes use of a diffusionless austenitic-martensitic phase trans-
formation induced by plastic deformation to achieve these properties. In particular low-alloyed
TRIP steels combine this mechanism with a heterogeneous arrangement of different phases at
the microscale, namely ferrite, bainite, and retained austenite. Thereby, high strength and duc-
tility can be obtained at lower production costs compared to high-alloyed TRIP steel. This is
due to a complex interaction of the phases at the microstructure level and the inelastic phase
transformation from retained austenite to martensite, which governs the macroscopic behavior.
A reliable model for low-alloyed TRIP steel should therefore account for these microstructural
processes to achieve an accurate macroscopic prediction. To enable this, we focus on a multi-
scale method often referred to as FE2 approach. In order to obtain a reasonable representative
volume element we make use of a three-dimensional statistically similar representative volume
element (SSRVE) [1]. Thereby, also computational costs associated with FE2 calculations can
significantly be reduced at a comparable prediction quality. The material model used here to
capture the above mentioned microstructural phase transformation is based on [2] which was
proposed for high alloyed TRIP steels, see also e.g. [3]. Computations based on the proposed
two-scale approach presented here for three dimensional boundary value problems to show
the evolution of phase transformation and plastic strains at the microscale and its effects on
the macroscopic properties.
References
[1] Balzani, D., Scheunemann, L., Brands, D., Schröder, J., "Construction of two- and three-
dimensional statistically similar RVEs for coupled micro-macro simulations", Comp.
Mech., 54(5),pp. 1296-1284, 2014.
[2] Hallberg, H., Håkansson, P., Ristinmaa, M., "A constitutive model for the formation of
martensite in austenitic steels under large strain plasticity", Int. J. Plast., 23(7), pp. 1213-
1239, 2007.
[3] Prüger, S., Seupel, A., Kuna, M., "A thermomechanically coupled material model for
TRIP-steel", Int. J. Plast., 55, pp. 182-197, 2014.
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08.03.2016 17:20 Yannick Francis Fangye Altgebäude (Pockelsstrasse), Raum PK4.7
Some basic ideas for the simulation of wave propagation in microstructures using
proper orthogonal decomposition
Yannick Francis Fangye (Technische Universität Dresden), Wolfgang Weber (Technische Uni-
versität Dresden), Daniel Balzani (Technische Universität Dresden)
For a vast number of materials a homogeneous mechanical behavior is assumed at the macroscale.
However, at the microscale a heterogeneous composition is observed in many modern mate-
rials which leads to advantageous properties at the macroscale, which can not be obtained by
the individual microscopic constituents alone. For the modeling of such materials, models
are required that take into account this microstructure and more and more computational ho-
mogenization is used to quantify the effective macroscopic response. In the context of FE2
calculations or uncertainty quantification, a large number of microscopic boundary value prob-
lems need to be solved and thus, an efficient solution procedure for the typically large systems
of equations is required. Model reduction methods provide a tool to reduce the computational
effort and simulation time. A powerful projection-based reduction method with application
in linear and nonlinear solid mechanics is the proper orthogonal decomposition (POD), see
e.g. [1, 2, 3]. The idea of the POD is to project the problem in a lower dimensional subspace
which is built up by means of so-called snapshots. Within this contribution, we focus on
wave propagation in fiber-reinforced materials and analyze the performance of POD in such
dynamic problems. Based on [4], where an example of a rod under constant longitudinally
moving load is described as an idealization of fiber pullout, some investigations involving the
POD are presented.
References
[1] F. Bamer, C. Bucher. Application of the proper orthogonal decomposition for linear and
nonlinear structures under transient excitations. Acta Mechanica 223 (2012), 2549–2563.
[2] A. Chatterjee. An introduction to the proper orthogonal decomposition. Current Science
78(7) (2000), 808–817.
[3] A. Radermacher, S. Reese. A comparison of projection-based model reduction concepts in
the context of nonlinear biomechanics. Archive of Applied Mechanics 83 (2013), 1193–
1213.
[4] W. Weber, D. Balzani, Y.F. Fangye, B.W. Zastrau. Modeling of a sub-sonic moving load
front along a rod’s skin. Proceedings in Applied Mathematics and Mechanics 15 (2015),
535–536.
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08.03.2016 17:40 Florian Endres Altgebäude (Pockelsstrasse), Raum PK4.7
Molecular statics simulations of ferroelectric nanofilms
Florian Endres (University of Erlangen-Nuremberg), Paul Steinmann (University of
Erlangen-Nuremberg)
Smart materials are of great interest not only for scientific, but also for technological rea-
sons due to ongoing miniaturization and rapid developments in manufacturing technologies
of nanocomponents [1]. Therefore, simulations on the nanometer length scale are becom-
ing more important in order to fundamentally understand and predict the complex material
behavior of ferroelectric nanocomponents, such as ferroelectric nanofilms or nanowires.
We apply a previously developed extended molecular statics algorithm [2] to simulate ferro-
electric barium titanate nanofilms. The algorithm is able to also consider mechanical stress ex-
plicitly whereas most molecular simulations of ferroelectrics are restricted to NVT-ensembles.
We present the applied core-shell model [3] and the extended molecular statics algorithm
for the simulation of ferroelectric barium titanate in the rhombohedral phase. Furthermore,
we apply the algorithm to simulate barium titanate nanofilms and discuss how the dielectric
polarization of a ferroelectric nanofilm is affected by the thickness of the nanofilm. Conse-
quently we investigate size effects of ferroelectric nanofilms. On the one hand the results
help to understand the material behavior on the nanometer length scale in general. On the
other hand atomistic simulations of nanostructures also help to improve continuum mechanics
models, e.g. as phase field models, by identifying material parameters, such as domain wall
energies.
References
[1] N. Setter, D. Damjanovic, L. Eng, G. Fox, S. Gevorgian, S. Hong, A. Kingon, H. Kohlst-
edt, N. Y. Park, G. B. Stephenson, I. Stolitchnov, A. K. Taganstev, D. V. Taylor, T. Yamada,
S. Streiffer. Ferroelectric thin films: Review of materials, properties, and applications. J.
Appl. Phys. 100.5 (2006), 051606.
[2] F. Endres, P. Steinmann. An extended molecular statics algorithm simulating the elec-
tromechanical continuum response of ferroelectric materials. Comp. Mech. 54.6 (2014),
1515-1527.
[3] S. Tinte, M.G. Stachiotti, M. Sepliarsky, R.L. Migoni, C.O. Rodriguez. Atomistic mod-
elling of BaTiO3 based on first-principles calculations. J. Appl. Phys.: Cond. Mat. 11.48
(1999), 9679.
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08.03.2016 18:00 Geralf Hütter Altgebäude (Pockelsstrasse), Raum PK4.7
Micromorphic Homogenisation of a Porous Medium: Application to Size Effects of
Foams
Geralf Hütter (TU Bergakademie Freiberg), Meinhard Kuna (TU Bergakademie Freiberg)
Classical Cauchy continuum theory comes to its limits when the dimensions of a specimen
(and thus the distances over which gradients occur) become comparable to the length scales
of the microstructure. For instance it has been shown that the bending and torsion stiffnesses
of foams are strongly underestimated by classical theory if only few cells are present over the
cross section of the specimen, Fig. 1. However, in order to simulate such behavior numerically,
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the microstructure can hardly be resolved discretely, especially not in 3D simulations. That is
why generalized continuum theories were employed to address such phenomena. Mostly, the
necessary constitutive laws are formulated heuristically and the corresponding large number
of parameters must then be identified from experiments.
In contrast, we present an analytical fully micromorphic constitutive law for porous media
by homogenisation [2]. The capabilities of this model are demonstrated by comparing its
predictions with size-effects observed in bending and torsion experiments on foam materials,
Fig. 2.
References
[1] R.S. Lakes: “Size effects and micromechanics of a porous solid”, J. Mater. Sci.18:2572–
2580, 1983.
[2] G. Hütter, U. Mühlich, M. Kuna: “Micromorphic homogenization of a porous medium:
elastic behavior and quasi-brittle damage”, Continuum. Mech. Therm., 27:1059–1072,
2015.
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08.03.2016 18:20 Stephan Wulfinghoff Altgebäude (Pockelsstrasse), Raum PK4.7
Continuum Mechanical Models for Microstructures with a Metal Matrix – The Role of
Size Effects, Interface-Plasticity and -Damage
Stephan Wulfinghoff (Institute of Applied Mechanics), Stefanie Reese (RWTH Aachen)
The size of microstructural features like grains and particles can have significant impact on
the overall mechanical properties of metals and metal-matrix-composites. On the one hand,
the yield strength can be increased by decreasing the size of the particles or the grains in many
cases. On the other hand, particle-reinforcement usually leads to a reduction of the ductility
compared to the pure metal. Depending on the material system and the microstructural length
scales, pore growth and damage can be initiated, e.g., by interface delamination or particle
fracture.Continuum mechanical models need to take into account the size dependence of the
material system. However, a complete prediction of the material’s overall properties, includ-
ing ductility, also requires to take micromechanical damage mechanisms as well as the crystal
structure into account. Motivated by this observation, gradient-extended crystal plasticity the-
ories are investigated. A particular focus lies on the role of interfaces like grain boundaries
or the particle-matrix boundary. These may increase the material strength by hindering dis-
location motion or decrease the ductility by delamination. Different continuum mechanical
models that may be applied on the microscale to account for these interface-related effects are
presented and specific finite element examples and solutions are discussed.
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08.03.2016 18:40 Thorsten Schüler Altgebäude (Pockelsstrasse), Raum PK4.7
Modeling and computational homogenization of asphalt concrete
Thorsten Schüler (Ruhr-University Bochum), Ralf Jänicke (Ruhr-University Bochum), Hol-
ger Steeb (University of Stuttgart)
We want to provide a methodological framework to investigate the effective mechanical prop-
erties of asphalt concrete. We, therefore, use numerical tools based on structural data or gran-
ulometric curves from real asphalt concrete specimen. However, real experiments are costly
and it is our goal to substitute them by equivalent numerical simulations.
Asphalt concrete is a composite material with varying constituents. Typically, we find mineral
aggregates, bituminous binding agent and air voids. Depending on volume fraction and type
of constituents and binding agent, a wide range of asphalt types can be generated. In contrast
to many other microstructures used in materials science, the microscopic material properties
of the constituents in asphalt concrete are accessible by physical testing.
The morphology of the compound is analyzed by modern imaging techniques, such as XRCT
scans. The informations from the XRCT scans are used to create artificial statistical volume
elements (SVEs) for numerical studies. The artificial microstructures are generated using dis-
crete particle simulation and weighted Voronoi diagrams. The artificial microstructures are,
a priori, generated in a periodic manner and, therefore, the possible boundary layer effects
during computational homogenization are minimized. After all, the SVEs are constructed in a
statistically similar manner compared to the real sample and serve as their best possible repre-
sentation.
The present contribution focuses on the constitutive description of the bituminous binding
agent, which we interpret as a hyper-viscoelastic fluid. In our analysis of the results we con-
centrate on the upscaling properties of morphological and material nonlinearities.
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09.03.2016 08:30 Lydia Wagner Altgebäude (Pockelsstrasse), Raum PK4.1
A mesoscale approach for dislocation density motion using a Runge-Kutta discontinu-
ous Galerkin method
Lydia Wagner (Karlsruhe Institute of Technology), Christian Wieners (Karlsruhe Institute of
Technology), Katrin Schulz (Karlsruhe Institute of Technology)
The striving for advanced materials with well-defined microstructures has also led to an in-
creasing effort towards a physically based description of plastic deformation processes. Over
the last decades, several models have been developed in order to describe plastic materials
behaviour on a continuum scale. However, classical continuum mechanical approaches fail
to describe the physical mechanisms induced by dislocation motion and thus are not able
to reproduce size effects. On the other hand, small-scale approaches which include the mi-
crostructure of defects of the material and which can illustrate these size dependency come
along with the drawback of very high computational costs. Only recently, with an enhanced
concept of moving dislocation densities, see [1], a method has been found to describe the
motion of arbitrary curved dislocation structures. This concept combines information on the
dislocation microstructure and continuum mechanical strategies and yields a dislocation based
continuum formulation of averaged dislocation motion.
Based on the evolution equations for a total dislocation density, a geometrically necessary
dislocation density vector, as well as a curvature density, given in [1], we introduce an effi-
cient numerical solution method for representing these evolution processes in single-crystals.
Herein, a fully three dimensional setup is considered, representing the elasto-plastic deforma-
tion processes in face centered cubic crystals. For each slip system, we approximate the set
of equations using a Runge-Kutta discontinuous Galerkin method. Considering the crystallo-
graphic structure by the slip plane normal and the Burger’s vector, the plastic shear strain is
then determined by Orowan’s equation which allows us to approximate the global stresses by
finite elements. Both procedures are coupled explicitly in order to obtain an algorithm for the
fully coupled model. All computations are done in parallel using the finite element code M++,
cf. [2].
Furthermore, we present a benchmark test by comparing the continuum results to results from
smaller scales, i.e. discrete dislocation dynamics data, and discuss the system with respect to
adequate boundary conditions, which are required to obtain a well-defined system.
References
[1] T. Hochrainer, S. Sandfeld, M. Zaiser, P. Gumbsch. Continuum dislocation dynamics:
Towards a physical theory of crystal plasticity. Journal of the Mechanics and Physics of
Solids, 63: 167–178, 2014.
[2] C. Wieners. A geometric data structure for parallel finite elements and the application to
multigrid methods with block smoothing. Computing and Visualization in Science, 13(4):
161–175, 2010.
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09.03.2016 08:50 Florian Kieser Altgebäude (Pockelsstrasse), Raum PK4.1
Simulation of thick adhesive layers at finite strains utilizing an associated flow rule in a
thermodynamically consistent framework
Florian Kieser (RWTH Aachen University), Sven Klinkel (RWTH Aachen University)
The application of elastoplastic material models is commonly used for the modelling of ad-
hesive layers with high strength adhesives as realized with polyurethane or epoxy resin. To
fulfill thermodynamic consistency often restrictions on the choice of material parameters are
requested. One of them is the introduction of a non-associated flow rule, which always en-
sures positive dissipation. Nevertheless, this assumption is a non-essential criterion, which
will be addressed in this work. Continuing along this argumentation, the constitutive relations
for the material is modified based on an associated flow rule. The applied model for the simu-
lation of the adhesives is based on an additive decomposition into elastic and inelastic strains
from a small strain theory. A yield surface including two stress invariants, which involves the
hydrostatic pressure as well as the deviator stress state, describes the elastic limit of the mate-
rial response. Beyond the elastic limit, linear as well as exponential hardening is incorporated.
The material softening that arises subsequently is also included by substituting effective invari-
ants for the invariants of the yield function. This material model as proposed from literature
was extended to finite strain application with the concept of generalized stress-strain-measure,
which was realized in a previous work. In this talk, the implementation into a finite element
program is addressed as well as the influence of the associated flow rule. The identification
of a proper material parameter set is discussed on the simulation of typical experiments for
adhesive materials.
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09.03.2016 09:10 Angela Madeo Altgebäude (Pockelsstrasse), Raum PK4.1
The relaxed micromorphic model for band-gaps description in mechanical metamateri-
als
Angela Madeo (INSA-Lyon), Patrizio Neff (University of Duisburg-Essen), Dumitrel Ionel
Ghiba (University of Duisburg-ssen), Giuseppe Rosi (Université Paris-Est Créteil)
Generalized continuum models are nowadays recognized to be a useful tool for the macro-
scopic description of the mechanical behavior of materials with heterogeneous microstructures
showing exotic properties and/or size effects. In particular, a recently introduced generalized
continuum model, which we called relaxed micromorphic, has been shown to be well-adapted
to describe very exotic behaviors of micro-structured materials in the dynamic regime [1],[2].
The relaxed micromorphic model is, to our knowledge, the only generalized continuum model
which is able to describe complete band gaps with respect to wave propagation. We study
dispersion relations for the considered relaxed medium and we are ableto disclose precise
frequency ranges for which propagation of waves is inhibited (frequency band-gaps). We ex-
plicitly show that band-gaps phenomena cannot be accounted for by classical micromorphic
models of the Mindlin-Eringen type as well as by Cosserat and second gradient ones. We
finally point out that such relaxed micromorphic model also gives rise to some very intriguing
mathematical questions regarding its well-posedness.References[1] A. Madeo, P. Neff, I.D.
Ghiba, L. Placidi, G. Rosi [2015]. Wave propagation in relaxed micromorphic continua: mod-
eling metamaterials with frequency band gaps. Continuum Mechanics andThermodynamics,
27, 551-570[2] A. Madeo, P. Neff, I.-D. Ghiba, L. Placidi and G. Rosi [2015]. Band gaps
in the relaxed linear micromorphic continuum. Z. Angew. Math. Mech. (ZAMM), 95:9,
880-887
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09.03.2016 08:30 Jonas Hund Altgebäude (Pockelsstrasse), Raum PK4.3
Comparison of dilatant plasticity models in application to rubber-toughened polymers
Jonas Hund (Karlsruhe Institute of Technology), Johanna Naumann (Karlsruhe Institute of
Technology), Thomas Seelig (Karlsruhe Institute of Technology)
The overall deformation behavior of rubber-toughened polymers (e.g. PC/ABS blends) ex-
hibits a pronounced plastic dilatancy which needs to be accounted for in macroscopic material
models. As this volume increase results from fundamentally different, yet co-existing, mi-
cromechanisms (void growth vs. crazing) the appropriate structure of a macroscopic model is
not obvious[1].
In this contribution, different material models featuring plastic dilatancy (based on different
flow potentials, with and without evolution of porosity) are compared with regard to their
ability to capture the deformation behavior of a rubber-toughened polymer in different loading
situations. All models are calibrated to match experimental data under uniaxial tension in
terms of true stress-strain curves and the evolution of volume strain. Afterwards they are
employed in finite element simulations of a single-edge-notch-tensile (SENT) specimen, and
patterns of plastic deformation computed from the different material models are compared to
experimental findings.
[1] Van der Giessen, E., Seelig, Th. Computational modeling of rubber-toughening in amor-
phous thermoplastic polymers - a review. Int. J. Frac. DOI: 10.1007/s10704-015-0066-6
2015.
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09.03.2016 08:50 Matthias Schulz Altgebäude (Pockelsstrasse), Raum PK4.3
Modeling the quasi-static mechanical behavior of the extensible worm-like chain in the
finite-element framework
Matthias Schulz (TU Braunschweig), Markus Böl (TU Braunschweig)
Polymers constitute a main component of many synthetic and biological materials. To drasti-
cally reduce computation time when modeling the mechanical behavior of such materials it is
useful to consider polymer chains the smallest building blocks instead of single atoms. To this
end, in the present work a new take on the problem of a polymer chain under tension using the
well-founded finite element method is presented and compared to experimental data.
Deviating from the random walk description of ideal chains intrinsically stiff chains can be
identified, where the orientation of one monomer influences the orientation of its adjacent
monomers. Following the standard model of the worm-like chain (WLC) such chains are
commonly modeled as a continuous differentiable space curve with a fixed contour length and
a bending energy depending on the curvature of the chain. To remedy the assumption of inex-
tensibility in the WLC, an energy of material elongation depending on the stretch of the chain
can be introduced yielding the model of the extensible WLC (eWLC). Eventually, an energy
is included that depends on an external force f = f (r/|r|) pulling taut the polymer, where r is
the end-to-end vector pointing from one end to the other end.
To circumvent the complicated statistical physics of the eWLC under tension and to allow
for an easy extension to further physical effects, e.g. to electrostatic forces, dynamical forces
or even to three-dimensional arrangements in a network, an alternative approach based on a
variational principle is taken. For this, it is assumed that, due to thermal effects, the chain
has an unstressed initially curved reference configuration. It is furthermore assumed that the
initial curvature can be described by a Fourier series, where experimental findings suggest that
one mode is predominant over the other modes. Thus, the problem can be solved by a finite-
element analysis using geometrically exact beam elements and a variable arc-length solution
scheme.
An optimization algorithm is used to fit numerical to experimental data to determine the ini-
tial curvature and the material parameters. Initial values of the axial stiffness can be guessed
from the high force regime. Also, the persistence length and the contour length are commonly
determined from force-extension experiments and approximate initial values are readily avail-
able. Results show a good agreement between numerical and experimental data and it can
be concluded that the approach presented here is suitable to be extended to other physical
effects.
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09.03.2016 09:10 Lukas Bogunia Altgebäude (Pockelsstrasse), Raum PK4.3
Experimental and numerical investigations of PUR foam under dynamic loading
Lukas Bogunia (Universität Siegen), Kerstin Weinberg (Universität Siegen)
Various factors may subject buildings to shock which continues in their structure and is per-
ceived by the people living in them as noticeable vibrations or noise. In this context, open-cell
polyurethane (PUR) foams which have been developed to isolate vibrations, have shown to be
very effective in practical use. However, whereas static properties of open-cell structures have
already been determined numerically in good agreement to experimental results, cf. [1], there
are hardly any investigations on the dynamical properties characterizing acoustic damping.
In this contribution we present experimental measurements of eigenfrequencies and dynamic
Poisson ratios for different PUR foam specimen together with first results of a strategy to
reproduce the foam behavior numerically. In doing so, PUR foams are modeled using a three
dimensional Voronoi-tessellation technique. The tessellation is applied on a Poisson-point
process in a representative volume element. The resulting Voronoi cells correspond to open
pores and are scaled in such a way that the volume ratio between the pores and material
matches the given PUR foam. For finite element analysis the connections between the cells
are modeled as beam elements, the beam shape follows Bezièr curves. The generated model
is analyzed with a finite element software and the dynamical parameters are determined. The
numerical results are compared to our experimental data.
References
[1] L.J. Gibson and M.F. Ashby . Cellular solids. Cambridge University Press, 1988.
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09.03.2016 08:30 Tobias Asmanoglo Altgebäude (Pockelsstrasse), Raum PK4.7
A coupled finite element approach for the modelling of composites with fibres possessing
fibre-bending stiffness
Tobias Asmanoglo (Institute of Mechanics, TU Dortmund), Andreas Menzel (Institute of Me-
chanics, TU Dortmund; Division of Solid Mechanics, Lund University)
The algorithmic implementation of a constitutive model for fibre-reinforced materials with
fibre-bending stiffness, in addition to the classical directional contributions of the fibres, is
presented. Based on theoretical investigations by A.J.M. Spencer and K.P. Soldatos (Finite de-
formations of fibre-reinforced elastic solids with fibre bending stiffness, International Journal
of Non-Linear Mechanics, 42(2):355-368, 2007) the numerical solution of the underlying non-
linear system of coupled partial differential equations by means of a mixed-type multi-field
finite element approach is discussed. To this end, additional field variables are introduced to
approximate higher-order gradients which enter the proposed energy function of the extended
continuum and, accordingly, introduce a size effect into the model. Concluding, representative
boundary value problems are solved to analyse the basic properties of the model.
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09.03.2016 08:50 César Polindara Altgebäude (Pockelsstrasse), Raum PK4.7
Simulation of softening in fibre-reinforced materials via a gradient-enhanced contin-
uum damage formulation
César Polindara (TU Dortmund), Tobias Waffenschmidt (TU Dortmund, 3M Deutschland
GmbH), Andreas Menzel (Tu Dortmund, Lund University)
Damage softening in a fibre-reinforced material is studied by means of a non-local gradient-
based damage formulation within a geometrically non-linear setting. At the material level, the
elastic constitutive behavior is defined by a hyperelastic framework in terms of a volumetric
and an isochoric contribution.The isochoric contribution is further subdivided into three con-
tributions associated to three different phases i= 0,1,2.Phase 0 represents an incompressible
neo-Hookean materialwhereas phases 1 and 2 represent an exponential format that accounts
for fibre stretching along two preferred anisotropy directions.Furthermore, 1− di–type dam-
age functions are introduced to reproduce the loss of stiffness in each phase i. In the present
contribution we develop an extensionof the non-local gradient-based damage formulation pre-
sented in[1]. Following the ideas discussed in [2],the non-locality is incorporated bymeans
of an enhancement of the local free energy function with gradient-terms. This formulation is
able to reproduce the softeningbehaviour in the fibre-reinforcements of a composite material
andfulfills mesh-objectivity in the finite element implementation due tothe gradient-based reg-
ularisation. The Euler-Lagrange equations that govern the boundary value problem are solved
in their weak form, which serves as the basis for the finite element implementation of the non-
local gradient-enhanced continuum damage model.To this end we develop an 8-noded Q1P0
hexahedral element. In order to show the computational performance and robustness of the
proposed gradient-enhanced continuum damage formulation within the context of biomechan-
ics,we consider the finite element simulation of a balloon angioplasty procedure.The results
of the simulation show that the proposed model is able to predict the damage softening in the
blood vessels when subjected to supra-physiological loads.
References
[1] T. Waffenschmidt, C. Polindara, A. Menzel, S. Blanco,A gradient enhanced large-deformation
continuum damage model for fibre-reinforced materials,Computer Methods in Applied
Mechanics and Engineering,268: 801-842, 2014.
[2] B. J. Dimitrijevic, K. Hackl, A method for gradient enhancement of continuum damage
models,Technische Mechanik,28(1):43-52, 2008.
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09.03.2016 09:10 Céline Röhrig Altgebäude (Pockelsstrasse), Raum PK4.7
Characterization of short fiber reinforced polymers
Céline Röhrig (Universität des Saarlandes), Stefan Diebels (Universität des Saarlandes)
This contribution presents ideas, how composite materials can be characterized with respect
to experimental testing. Furthermore a modeling approach is presented based on the experi-
mental results. Composite materials, like short fiber reinforced polymers, are of great inter-
est because of their good properties for industrial applications. In this work a polybutylene
terephthalate (PBT) reinforced by short glass fibers is characterized. The matrix material PBT
is chosen due to its heat stability over a large range and its high resistance against outer influ-
ences as any chemicals or moisture. The stiffness and the geometrical stability of the polymer
are increased by adding short fibers during the injection molding process. The benefit in com-
parison to metals, like aluminum or other metal-composites for applications in automotive
industries, is its lightweight.
Due to the huge number of possible combinations of matrix and filler, each composite mate-
rial has its own characteristics. In this work the focus is on the induced material anisotropy
behavior due to the production process by injection molding. The overview of the properties
of the investigated material are obtained from results of cyclic uniaxial tensile tests at a con-
stant strain rate. The short fiber reinforced PBT shows elasto-plasticity and damage. These
properties depend on a fiber orientation angle, which is investigated by testing specimens with
different angles compared to the main fiber orientation. In order to examine the anisotropy be-
havior the complete strain information in all directions is obtained by an optical area analysis
over the whole surface using a digital image correlation (DIC) software. The optical sytem
uses four cameras to realize a 360◦-3D-measurement by a two-sided stereography. The mate-
rial behavior is of great interest concerning the manufactoring by a three-dimensional forming
process. Hence, multiaxial loadings have to be additionally taken into account matching these
conditions. The difference according to the uniaxial tensile test is, that the multiaxial de-
formation information is not provided directly by the device’s output. Therefore, an inverse
method comparing the information of the complete deformation field as well as the force data
of the experiment and the model has to be executed. A final aim of this work is to realize a
verification experiment representing the three-dimensional forming process as realistically as
possible. Therefore a deep-drawing based testing device, a Nakajima test for polymeric ma-
terials, is realized. For this case, a three-dimensional optical analysis is also indispensable in
order to get the necessary measurement data. Based on the results of the experimental investi-
gations, a one-dimensional macroscopic model to describe the material behavior is introduced
and the results of the simulation are provided. The modeling description takes into considera-
tion elasto-plasticity and damage.
The authors are grateful to the BMBF (Federal Ministry of Education and Research - Bun-
desministerium für Bildung und Forschung) for financial support through the grant number
05M2013-MuSiKo.
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09.03.2016 14:30 Anne Jung Altgebäude (Pockelsstrasse), Raum PK4.3
Modelling of Metal foams by a continuum mechanical approach based on material
metamorphosis
Anne Jung (Universität des Saarlandes), Stephan Heinze (Hamburg University of Technol-
ogy), Alexander Düster (Hamburg University of Technology), Stefan Diebels (Universität des
Saarlandes)
Metal foams are an interesting class of bio-inspired materials. They consist of a heterogeneous
structure mimicking the microstructure of bones. Based on their high stiffness to weight ratio,
metal foams are used as lightweight construction elements. A further main application are
energy absorbers, which is a result of their stress-strain response in connection to a special
microstructural deformation mechanism. The stress-strain diagram is divided into three parts.
The first part is a linear elastic region, which is microscopically built by the elastic deformation
of the individual struts and pores, respectively. This part ends at the so-called plastic collapse
stress, at which the weakest pore layer in the foam collapses. The plastic collapse is followed
by the successive collapse of all other pore layers, leading to a nearly constant stress plateau.
After the collapse of all pores the second phase evolves into a densification and compression
region. The foam behaves like a bulk material made of the foam matrix material, leading to a
steep increase in stress in the last of the three parts.
In this contribution, the tripartite stress-strain behavior will be modelled by a new continuum
mechanical approach using a kind of material metamorphosis. The foam will be expressed
by two fictitious elastic materials with different stiffnesses. In the first part, the foam is rep-
resented by the stiffness of the first material. In the third part it is solely described by the
second material with an at least one order of magnitude higher stiffness. The plateau region is
a transition zone between the material behavior of both fictitious materials. The transition will
be expressed by a theory of mixture and an evolution equation for the volume fraction of the
second phase. The switches for the transition between the three different parts are based on
microscopic measures of the foams like the pore size, strut length, samples size and porosity.
The model is implemented in the finite element code FEAP using a multi-level Newton-
Raphson method. The proof of principle is given that the model is able to represent the
stress-strain behavior of metal foams.
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09.03.2016 14:50 Frederik Scherff Altgebäude (Pockelsstrasse), Raum PK4.3
High-resolution simulation of microstructures in dual-phase steel
Frederik Scherff (Universität des Saarlandes), Florian Goldschmidt (Universität des Saar-
landes), Sebastian Scholl (AG der Dillinger Hüttenwerke), Stefan Diebels (Universität des
Saarlandes)
Modern dual-phase (DP) steels feature a distinctive structure-property relation. Their com-
plex microstructure is built up by very hard martensite particles embedded in a relatively soft
ferritic matrix. This composition provides a material behaviour characterized by high strength
and work hardening while maintaining an elevated level of ductility [1, 2]. Due to these
properties DP steel is widely used in automotive industry, especially for lightweight, energy-
absorbing structures and it is desirable to also accomplish these properties in heavy plate steel.
In the presented work a microstructure based FEM-model for the elasto-plastic deformation
of DP steels is developed. Standard two-dimensional models show deficiencies in describing
the deformation behaviour of DP steels by cause of the long ranging interdependency between
stress-strain states in the bulk material [3]. Hence, a fully three-dimensional model is imple-
mented to accomplish a realistic characterization of the material properties. The underlying
microstructure is obtained by a serial section tomography of a DP steel specimen. A compar-
ison of different approaches to build a FEM mesh based on these microstructures constitutes
the focus of the first part of this contribution.
In the second part, nanoindentations of the ferritic and martensitic regions are presented, which
were used to determine the parameters of the material model of both phases with inverse meth-
ods [4]. A realistic database for the microstructure modelling is obtained using the aforemen-
tioned procedure.
References
[1] W.M. Kaluza. Modellierung der mechanischen Eigenschaften und der lokalen Dehnun-
gen von Dualphasen-Stählen. Dissertation, Institut für Eisenhüttenkunde, Rheinisch-
Westfälische TechnischeHochschule Aachen, 2003.
[2] M. Marvi-Mashhadi, A. Rezaee-Bazzaz, M. Mazinani. Modelling the flow behaviour of
dual-phase steels with different martensite volume fractions by finite element method.
Materials Science Forum 706 (2012), 1503–1508.
[3] M. Diehl, P. Shanthraj, P. Eisenlohr, F. Roters. Neighborhood influences on stress and
strain partitioning in dual-phase microstructures. Meccanica (published online 2015).
[4] Z. Chen, S. Diebels. Indentation of PU at different scales and computational modeling:
Identification of viscoelasticity and quantification of adhesion effects. Archive of Applied
Mechanics 85(9) (2015), 1225–1243.
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09.03.2016 15:10 Stephan Heinze Altgebäude (Pockelsstrasse), Raum PK4.3
Experimental and numerical investigation of metal foams undergoing large deforma-
tions
Stephan Heinze (Hamburg University of Technology), Anne Jung (Saarland University), Ste-
fan Diebels (Saarland University), Alexander Düster (Hamburg University of Technology)
Open cell aluminum foams present an attractive class of materials. Due to their low density,
they are utilized as lightweight materials. In addition they also provide sound and energy
absorbing properties. In order to design engineering structures composed of foams, a macro-
scopic constitutive model of this class of materials is required. The macroscopic behaviour
strongly depends on local phenomena to be observed on the microstructure level of the foam.
This includes buckling effects, finite elastoplastic deformations as well as self-contact. On the
macroscopic level these phenomena are modeled as elastoplastic deformations described by a
complex yield surface.
To capture the yield surface many experiments are necessary. These experiments should cover
a wide range of loading paths, which is - of course - not always possible in an experimental
setup. In order to support the constitutive modeling of metal foams, we perform numerical
simulations which help to develop the corresponding yield surface. Since the macroscopic
behaviour originates from the complex microstructure it is crucial to have a realistic represen-
tation of the geometry of the foam, including also the corresponding material properties. Due
to the production process, the material properties of the aluminum foam differ from that of
the bulk material. Therefore, the material parameters have to be identified from micro tensile
tests of the struts of the foam [1]. The simulation is carried out by means of the finite cell
method (FCM) which directly applies CT-scans of the foam to describe the geometry of the
microstructure. The FCM has been applied successfully to the numerical homogenization of
hybrid metal foams [2] and is extended in this work to capture the nonlinear behaviour of
foams under compression. This includes finite strain elastoplastic behaviour, local buckling
and self-contact of the foam. The talk will focus on the numerical approach as well as its
validation by experimental tests.
References
[1] A. Jung, M. Wocker, Z. Chen, H. Seibert. Microtensile testing of open-cell metal foams
- Experimental setup, micromechanical properties. Materials and Design 88 (2015),
1021–1030
[2] S. Heinze, M. Joulaian, A. Düster, Numerical homogenization of hybrid metal foams
using the finite cell method, Computers & Mathematics with Applications 70 (2015),
1501–1517
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09.03.2016 14:30 Tobias Scheffer Altgebäude (Pockelsstrasse), Raum PK4.7
Comparison of two different modeling approaches to describe the non-linear viscoelas-
tic behavior of filled rubber material
Tobias Scheffer (Universität des Saarlandes), Stefan Diebels (Universität des Saarlandes)
This contribution presents the characterisation of an incompressible carbon black-filled elas-
tomer as one characteristical example for highly filled rubber material. The material model
is developed with respect to uniaxial tension data. The experiments show that a strongly
pronounced non-linear viscoelastic material behavior is present and the most important char-
acteristic is the extremely long relaxation time which has to be taken into account. These long
relaxation times are also visible in cyclic tests, where a pronounced hysteresis loop appears
even for the slowest possible strain rates [1, 2].
In the material’s characterization two different model approaches are realized. As a first ap-
proach the behavior is represented by a pure viscoelastic model. Since all the deformations are
reversible for a stress-free relaxation, no plasticity parts are included in the model. In order to
display the non-linearities process-dependent material parameters have to be applied. Hence,
The resulting coupling of different material parameters yields a complex parameter identifica-
tion.
For a more effective identification process, a second approach is provided describing the inter-
action of the filler particles. The friction of the fillers during deformation results in a statical
hysteresis, which does not depend on the strain rate. Therefore, special attention is turned
towards the behavior of the hysteresis loops that are observed, similar to the description of
Vandenbroucke et al. [3]. Therein, in a rheological model, some Prandtl-elements, consisting
of a friction element and a spring are added to the classical viscoelastic model. This results in
a model, which does not need any process-dependency. Hence, the identification process can
be simplified.
References
[1] T. Scheffer, H. Seibert, S. Diebels. Optimisation of a pretreatment method to reach the
basic elasticity of filled rubber materials. Arch. Appl. Mech. 83 (11) (2013) 1659-1678.
[2] N. Koprowski-Theiß, M. Johlitz, S. Diebels. Characterizing the time dependence of filled
EPDM. Rubber Chem. Technol. 84 (2) (2011) 147-165.
[3] A. Vandenbroucke, H. Laurent, N. A. Hocine, G. Rio. A Hyperelasto-Visco-Hysteresis
model for an elastomeric behaviour: experimental and numerical investigations. Comput.
Mater. Sci. 48 (3) (2010) 495-503.
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09.03.2016 14:50 Ehsan Ghobadi Altgebäude (Pockelsstrasse), Raum PK4.7
Fractional calculus for modeling of viscoelastic properties of functional polymers
Ehsan Ghobadi (Universität Stuttgart), Holger Steeb (Universität Stuttgart)
Up to now, different mathematical models have been utilized for a better insight towards
thermo-rheological material properties. These models predict and represent the viscoelastic
behavior of materials under different physiological conditions. Most of them are procured by
utilization of elastic and viscous components obtained through a combination of several units
of springs and dashpots connected to each other in parallel or even more complex manners,
leading to integer-derivative viscoelastic models. Prediction of viscoelastic behavior of ma-
terials, such as polymers and soft biological tissues, are highly desired and useful in medical
diagnostics. However, these integer-derivative viscoelastic models mostly cannot characterize
the more complicated rate dependent material behavior over a broad spectral range. As an
alternative, fractional derivative models, which are able to describe the viscoelastic material
behavior over longer time intervals or spanning several frequency decades, using a smaller
number of parameters could be used. In this contribution, a fractional rheological constitutive
equation has been introduced on the basis of the well-known mechanical model of Kelvin-
Voigt. For data validation, the material time-temperature-dependent properties of a commer-
cially available polymer (ESTANE) have been investigated by means of the Dynamic Me-
chanical Thermal Analysis (DMTA) in temperature and frequency sweep tests. The frequency
sweep tests have been performed at temperatures below and above the glass transition temper-
ature (Tg ) to establish the linear viscoelastic ranges at glassy and rubbery states. Moreover,
the thermal influences have been investigated by temperature sweep tests, and experimental
results were compared with the finite viscoelastic and incompressible material model. Finally,
material parameter optimization techniques have been discussed.
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09.03.2016 16:00 Dinesh Kumar Dusthakar Altgebäude (Pockelsstrasse), Raum PK4.3
A rate-dependent laminate-based framework for switching and microstructure evolu-
tion in ferroelectrics
Dinesh Kumar Dusthakar (Institute of Mechanics, TU Dortmund), Andreas Menzel (Institute
of Mechanics, TU Dortmund), Bob Svendsen (Chair of Material Mechanics, RWTH Aachen)
Ferroelectrics belong to the class of perovskite, non-centrosymmetric crystalline materials
which are characterised by nonlinear hysteric behaviour under combined macroscopic elec-
tromechanical loads. The strain and dielectric hysteresis loops depend on the rate-dependent
domain switching and the evolution of the microstructure. In this contribution we focus on
the modelling of tetragonal barium titanate single crystals considering a sequential laminate-
based approach which takes into account the details of the underlying microstructure, such as
volume fractions and orientations of the tetragonal variants [1, 2]. The algorithmic treatment
of the model is efficiently implemented by employing the so-called Fischer–Burmeister com-
plementarity function [3, 4]. This automatically satisfies the inequality constraints due to the
restricted range of the volume fraction evolution.References
[1] J.H. Yen, Y.C. Shu, J. Shieh, and J.H. Yeh.A study of electromechanical switching in
ferroelectric single crystals,J. Mech. Phys. Solids,56 (2008), 2117–2135.
[2] D.K. Dusthakar, A. Menzel, and B. Svendsen.Comparison of phenomenological and
laminate-based models for rate-dependent switching in ferroelectric continua,GAMM–
Mitteilungen,38 (2015), 147–170.
[3] A. Fischer.A special Newton type optimization method.Optimization,24 (1992), 269–
284.
[4] B. Kiefer, T. Bartel, and A. Menzel.Implementation of numerical integration schemes
for the simulation of magnetic SMA constitutive response.Smart Materials and Struc-
tures,21 (2012), 094007–094014.
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09.03.2016 16:20 Christian Woitzik Altgebäude (Pockelsstrasse), Raum PK4.3
Experimental and numerical investigation of granular materials for an increase of the
collision safety of double-hull vessels
Christian Woitzik (Hamburg University of Technology), Moshin Ali Chaudry (Leibniz Univer-
sity Hannover), Peter Wriggers (Leibniz University Hannover), Alexander Düster (Hamburg
University of Technology)
In modern shipbuilding double-hull designs are an established method to increase the stability
and collision behavior of a ship structure. To gain further improvements in collision safety
either innovative types of ship hull structures have to be used or filling of the void space be-
tween the hulls with crash absorbing and strength increasing material can be considered. The
latter method was suggested in [1] to be used with existing hull constructions to improve the
penetration resistance in case of the collision with a bulbous bow using lightweight granular
materials.
The present contribution deals with the mechanics of lightweight granules like expanded, cel-
lular glass beads in an uniaxial compression test as simplified representation of a double-hull.
The glass beads with a diameter around two millimeter are compressed in an aluminum cylin-
der and the force-displacement curve is monitored. Furthermore, the radial expansion of the
cylinder is considered with strain gauges and the optical measurement system ARAMIS [2] to
obtain reference data for the simulation and material calibration. The mechanical behavior of
the granulate depends on aspects like density, size, void ratio, shape, and strength. It can be
observed that the cellular glass beads collapse after a certain force limit and form a uniform
mass. The modeling of this process is challenging and can be done either on a macroscopic
scale – using the finite element method – or on a microscopic scale – using the discrete el-
ement method. The combination of both methods will be covered in further research in the
underlying project using the Arlequin method [3].
Here, the finite element modeling with a constitutive model like Mohr-Coulomb or Drucker-
Prager will be presented. The finite element package FEAP [4] is used to set up the problem
and perform a parameter identification for the material model using the obtained test results.
The advantages and disadvantages of this widely used constitutive model for the complex
material behavior will be shown and discussed. Further, an outlook will also be given for
advanced material models like hypo-plasticity [5, 6] which cover irreversible deformation in
an early compression state of the porous material.
References
[1] M. Schöttelndreyer. Füllstoffe in der Konstruktion ein Konzept zur Verstärkung von
Schiffsseitenhüllen. Techn. Univ. Hamburg-Harburg, Institut für Konstruktion und Fes-
tigkeit von Schiffen, PhD thesis Hamburg-Harburg, 2015.
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09.03.2016 16:40 Mohsin Ali Chaudry Altgebäude (Pockelsstrasse), Raum PK4.3
DEM-FEM coupled numerical investigation of granular materials to increase crashwor-
thiness of double-hull vessels
Mohsin Ali Chaudry (Leibniz University Hannover), Christian Woitzik (Hamburg Univer-
sity of Technology), Christian Weißenfels (Leibniz University Hannover), Alexander Düster
(Hamburg University of Technology), Peter Wriggers (Leibniz University Hannover)
Growing traffic of ships along with presence of stationary platforms and wind turbines has in-
creased chances of ship collision. Efforts are being made to improve crashworthiness of ships
and one of the promising design approach is to use granular materials in cavity of double hull
ships[1].
In this work, the discrete element method (DEM) is used for modeling and simulation of the
mechanical response of discontinuous material systems like granular materials. Here, gran-
ular particles are approximated by non-cohesive convex particles and treated as rigid bodies
interacting through mechanical contact forces. A DEM framework, based on the work of
Wellmann [2], is employed to study the behavior of granular materials under compression.
The contact behavior between granular particles is represented and computed using a realistic
Hertz-Mindlin contact formulation, whereas the deformation behavior of the confining walls
is calculated using a displacement-based finite element (FEM) approach. The DEM-FEM
coupling, as discussed in Wellmann and Wriggers [3], is employed to study the load transfer
between granular particles and the confining walls.
Compression tests provide ample insight into the mechanical behavior of granular particles
and are investigated through numerical simulation of uniaxial compression test. A parametric
study and sensitivity analysis is carried out to study the response of granular material with
different packing densities, confining wall properties and friction coefficients. The resultant
load-displacement curves (or equivalent stress-strain response) are compared with the results
obtained from uniaxial compressive experiments. Particle stiffness plays a critical role for
transfer of loads to the inner hull during the collision of ships, this is investigated through
pressure loading of granular particles confined within box-shaped container.
References
[1] M. Schöttelndreyer. Füllstoffe in der Konstruktion ein Konzept zur Verstärkung von
Schiffsseitenhüllen. PhD thesis, Techn. Univ. Hamburg-Harburg 2015.
[2] C. Wellmann. A Two-Scale Model of Granular Materials Using a Coupled DE-FE Ap-
proach. PhD thesis, Leibniz University Hannover 2011.
[3] C. Wellmann, P. Wriggers. A 3D Coupled Finite-Discrete Element Method for Model-
ing the Interaction of Granular Materials and Solid Structures. Particle-Based Methods,
Fundamentals and Applications, pp. 72-75, 2009.
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09.03.2016 17:00 Martin Düsing Altgebäude (Pockelsstrasse), Raum PK4.3
A thermodynamic framework for coupled multiphase field and diffusion models for
lower bainite transformation
Martin Düsing (Chair of Engineering Mechanics (LTM), Paderborn University, Germany),
Rolf Mahnken (Chair of Engineering Mechanics (LTM), Paderborn University, Germany)
The phase field method is used to simulate material behavior on a microscale in material
science. Especially phase transformations of steel are explored.The models presented for
the lower bainite transformation [1] lack a thermodynamic consistent model as presented
by Gurtin and Fried [2, 3] for a two phase Ginzburg-Landau system and the Cahn-Hilliard
diffusion equation. The main point of our contribution is a thermodynamic framework for
coupled Ginzburg-Landau Cahn-Hilliard systems with an arbitrary number of phases. The
phase field equations of Ginzburg-Landau type describe the evolution of the austenite, bainitic
ferrite and carbide phases, while the Cahn-Hilliard diffusion equation is used to model the
movement of carbon within the bainitic ferrite. The carbon starts to diffuse within the bainitic
ferrite, because this phase can contain considerably less carbon than the austenite phase. The
diffusion leads to accumulations of carbon. When the carbon concentration reaches its max-
imum, carbides precipitate. The new framework is based on the work by Gurtin and Fried
[2, 3]. Now problems with multiphase Ginzburg-Landau phase transformations coupled with
Cahn-Hilliard diffusion can be described. The framework is based on generalized stresses
and microforce balances for all order parameters and the concentration. For Np phases the
balances read
∇ ·~ξi+pii+ γi = 0, for i= 1, ...,Np (1)
∇ ·~λ +ω = 0, (2)
where ~ξi and~λ are phase and diffusion microstresses, pii, γi and ω are microforces. The new
framework still distinguishes between basic balance laws which are universal and constitu-
tive equations which depend on the specific material.The Clausius-Duhem inequality is used
to impose restrictions to the constitutive equations. Numerical results of the lower bainite
transformation are presented.
References
[1] Düsing, M. & Mahnken, R. Simulation of lower bainitic transformation with the phase-
field methodconsidering carbide formation. Computational Materials Science 111, 91–
100 (2016).
[2] Gurtin, M. E. Generalized Ginzburg-Landau and Cahn-Hilliard equations based on a mi-
croforcebalance. Physica D: Nonlinear Phenomena 92, 178–192 (1996).
[3] Fried, E. & Gurtin, M. E. Continuum theory of thermally induced phase transitions based
on anorder parameter. Physica D: Nonlinear Phenomena 68, 326–343 (1993).
669

09.03.2016 17:20 Daniel Vallicotti Altgebäude (Pockelsstrasse), Raum PK4.3
Variational Treatment and Stability Analysis of Coupled Electro-Mechanics
Daniel Vallicotti (University of Stuttgart), Stephan Teichtmeister (University of Stuttgart),
Marc-André Keip (University of Stuttgart), Christian Miehe (University of Stuttgart)
Dielectric materials such as electro-active polymers (EAPs) belong to the class of functional
materials which are used in advanced industrial environments as sensors or actuators and in
other innovative fields of research. Driven by Coulomb-type electrostatic forces EAPs are
theoretically able to withstand deformations of several hundred percents. These devices be-
come practical as soon as the material is robust, reliable and long lived. However, large ac-
tuation fields and different types of instabilities prohibit the ascend of these materials. One
distinguishes between global structural instabilities such as buckling and wrinkling of EAP
devices, and local material instabilities such as limit- and bifurcation-points in the constitu-
tive response. Numerically predicting global and local instabilities is a necessary, however
demanding task for designing optimal devices.
Phenomenological modeling of these advanced composite materials can be based on a saddle-
point principle by minimizing the mechanical deformation while maximizing the electric field.
This convenient enthalpy formulation is based on a scalar electric potential that yields ad-
vantages in terms of numerical treatment. However, criteria for an accompanying stability
analysis need to be based on a canonical energy minimization principle. This leads us to the
variational minimization of coupled electro-mechanics based on a vector potential formulation
for the electric displacements.
We outline variational-based stability criteria in finite electro-elastostatics and design algo-
rithms for accompanying stability checks in typical finite element computations for both the
convenient enthalpy as well as the canonical energy formulation, as suggested in our recent
publications [1] and [2]. Here, global structural stability is based on a perturbation of the total
electro-mechanical energy and related to statements of positive definiteness of incremental
finite element tangent arrays. Local material stability is based on a quasi-convexity condition
inducing the positive definiteness of both the electro-mechanical moduli as well as a general-
ized acoustic tensor. Also a comparison of the energy and the enthalpy formulation in terms
of numerical treatment and computation time is shown. Application and validation of the sug-
gested method is demonstrated by representative model problems.
Recent Publications
[1] C. Miehe, D. Vallicotti and D. Zäh. Computational Structural and Material Stability
Analysis in Finite Electro-Elastostatics of Electro-Active Materials. International Journal for
Numerical Methods in Engineering 102 (2015), 1605–1637.
[2] C. Miehe, D. Vallicotti and S. Teichtmeister. Homogenization and Multiscale Stability
Analysis in Finite Magneto-Electro-Elasticity. Application to Soft Matter EE, ME and MEE
Composites. Computer Methods in Applied Mechanics and Engineering 300 (2016), 294–
346.
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09.03.2016 17:40 Katharina Becker-Steinberger Altgebäude (Pockelsstrasse), Raum
PK4.3
Thermodynamic Consistent Coupled Electrochemical-Mechanical Theory of Lithium-
Ion Batteries
Katharina Becker-Steinberger (German Aerospace Center; Helmholtz Institute Ulm for Elec-
trochemical Energy Storage), Arnulf Latz (German Aerospace Center; Helmholtz Institute
Ulm for Electrochemical Energy Storage; University of Ulm)
The mechanical behaviour of lithium-ion batteries has a significant impact on their lifetime
and their performance. The active particles of porous intercalation electrodes show signifi-
cant volume changes due to lithium de-intercalation and intercalation. The reported volume
changes of graphite are up to 10% of the non-lithiated structure and volume changes of silicon
are greater than 300% compared to the de-lithated state [1]. Hence, the reference configuration
of the porous solid materials is distorted and the porosity of the electrode is changed. How-
ever, as the porous electrode particles are surrounded by incompressible liquid electrolyte and
the whole cell is included in a housing, the volume change of the electrodes is limited. This
causes intercalation induced mechanical stress within the electrodes. The liquid electrolyte is
expelled from the porous structure. This displacement is, in turn, restricted by the housing
and the counter electrode, which again induces pressure in the electrolyte. These strains and
stresses may lead to battery failure mechanisms such as active particle fractures or electronic
isolation of the active particles. In particular, this affects the electro-chemical kinetics of the
cell. Therefore, the consideration of these effects in battery models is one of the major issues.
In this contribution, we develop a continuum model for the charge and discharge of lithium-
ion electrochemical cells including mechanical effects of intercalation. The model is based
on the theory of mixtures [2] and extends the thermodynamic consistent mesoscopic battery
model for porous electrodes and liquid electrolytes given in [4, 3]. In contrast to existing
electro-mechanical theories [5, 6], the derived model includes not-only mechanical effects in
the solid electrode materials but also the impact of the volume changes of the electrodes on the
liquid electrolyte. Thus, for the first time, a coupled electrochemical and mechanical theory
for whole electrochemical cells is proposed.
References
[1] M. N. Obrovac, L. J. Krause. J. Electrochem. Soc. 154 (2007), A103-A108.
[2] C. Truesdell. Second Edition, Springer-Verlag, New York Berlin (1984).
[3] A. Latz, J. Zausch. J. Power Sources 196 (2011), 3296-3302.
[4] A. Latz, J. Zausch. Electrochim. Acta 110 (2013), 358-362.
[5] K. HIGA, V. SRINIVASAN. J. Electrochem. Soc., 162 (2015), A1111-A1122.
[6] X. Zhang, A. M. Sastry, W. Shyy. J. Electrochem. Soc. 115 (2008), A542-A552.
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09.03.2016 16:00 Hannes Erdle Altgebäude (Pockelsstrasse), Raum PK4.7
Large Strain Gradient Plasticity Theory with a Discontinuous Grain Boundary Yield
Condition
Hannes Erdle (KIT), Eric Bayerschen (KIT), Thomas Böhlke (KIT)
Dual-phase steels show strong inhomogeneities due to the presence of both martensitic and
austenitic phases. The inclusions of the hard phase in the soft matrix lead to large back stresses
produced by dislocation pileups at grain boundaries [1]. These dislocation-grain-boundary in-
teractions are influenced by the resistance of grain boundaries against plastic flow [2]. As a
consequence, a size-dependent behaviour is observed experimentally, e.g., [3]. It is shown
that this behavior can be reasonably captured with an equivalent plastic strain gradient plas-
ticity model, including an energetic grain boundary yield criterion [4]. The introduction of an
interface energy penalizes plastic strain at the grain boundary. This allows to simulate grain
boundary behaviour in-between the limits of full transparency and impenetrability [5]. Based
on discontinuous trial functions, the grain boundary flow rule is evaluated at sharp interfaces
with finite elements. The model is extended to finite strains within a micromorphic imple-
mentation. Simulations of crystal aggregate structures are performed under different loading
conditions. Discussion of further possible applications complete the talk.
References
[1] J. H. Kim, D. Kim, F. Barlat, M. G. Lee. Crystal plasticity approach for predicting the
Bauschinger effect in dual-phase steels. Mat. Sci. Eng. A-Struct. 539 (2012), 259–270.
[2] R. W. Armstrong. Hall-Petch analysis of dislocation pileups in thin material layers and in
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[3] B. Yang, C. Motz, M. Rester, G. Dehm. Yield stress influenced by the ratio of wire diam-
eter to grain size - a competition between the effects of specimen microstructure and di-
mension in micro-sized polycrystalline copper wires. Philos. Mag. 92 (2012), 3243–3256.
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09.03.2016 16:20 Eric Bayerschen Altgebäude (Pockelsstrasse), Raum PK4.7
Enhancing a gradient plasticity model by comparison to discrete dislocation dynamics
Eric Bayerschen (Karlsruhe Institute of Technology (KIT)), Markus Stricker (Karlsruhe In-
stitute of Technology (KIT)), Daniel Weygand (Karlsruhe Institute of Technology (KIT)),
Thomas Böhlke (Karlsruhe Institute of Technology (KIT))
A small deformation strain gradient plasticity model is presented. It includes a GB yield con-
dition [1] to model the resistance of grain boundaries (GB) against plastic flow. This theory
is implemented with finite elements. Comparison of gradient plasticity (GP) simulations with
discrete dislocation dynamics (DDD) simulations are performed [2]. They show that a con-
stant GB yield strength and the employed bulk work hardening of the GP model can not suffi-
ciently account for the evolution of plastic strain, observed in vicinity of the GBs in the DDD
results. Therefore, an extension of the GB yield strength with a hardening term is presented,
giving much better accordance of the GP and the DDD results. Remaining discrepancies in
the strain gradients of the GP results motivate substituting the quadratic defect energy of the
GP framework by a generalized defect energy [3]. With this approach, different gradients of
the strain in the GB vicinity can be accounted for. In comparison to the DDD results, it is
shown that the gradients in the GP model are improved using a non-quadratic defect energy
approach.
References:
[1] Wulfinghoff, S., Bayerschen E., Böhlke, T. (2013). A gradient plasticity grain boundary yield the-
ory. Int. J. Plast. 51, 33-46.
[2] Bayerschen, E., Stricker, M., Wulfinghoff, S., Weygand, D., Böhlke, T. (2015). Equivalent plastic
strain gradient plasticity with grain boundary hardening and comparison to discrete dislocation dynam-
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09.03.2016 16:40 Richard Ostwald Altgebäude (Pockelsstrasse), Raum PK4.7
A thermodynamically consistent finite strain micro-sphere framework for phase-
transformations
Richard Ostwald (TU Dortmund), Thorsten Bartel (TU Dortmund), Andreas Menzel (TU
Dortmund)
In this work we present a thermodynamically consistent finite strain framework for the micro-
sphere based simulation of phase-transformations in, e.g., polycrystalline metals. The frame-
work extends previous works of the authors towards a finite strain setup. As a basis, we make
use of a thermodynamically consistent finite strain micro-sphere formulation for elastic solids
as elaborated by Carol et al. (2004), cf. also Miehe et al. (2004). The finite strain micro-
sphere model is consistently extended towards a phase-transformation mechanism elaborated
by Govindjee et al. (2000). A multiplicative split of total strains in elastic strains and trans-
formation strains is considered, where the transformation strains of the individual phases are
accounted for via an extension of the corresponding elastic Helmholtz free energy functions.
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09.03.2016 17:00 Andreas Burgold Altgebäude (Pockelsstrasse), Raum PK4.7
Toward a cyclic two-surface plasticity model accounting for phase transformation
Andreas Burgold (TU Bergakademie Freiberg), Andreas Seupel (TU Bergakademie
Freiberg), Meinhard Kuna (TU Bergakademie Freiberg)
Mechanically induced phase transformations have a great impact on the behavior of the cor-
responding materials, e.g. high alloyed austenitic TRIP steels or TRIP-assisted multiphase
steels. The phrase “TRIP” hereby means TRansformation Induced Plasticity and stems from
additional inelastic deformation resulting from a martensitic phase transformation.
The phenomenological plasticity model of Hallberg [1] is able to describe the mechanical
behavior and phase evolution of TRIP-steel in the monotonic loading case. Plastic yielding
and phase transformation are considered by separate criterion functions for each mechanism
leading to a two-surface approach.
The present contribution aims at constructing a model, which takes into account plasticity and
phase transformation under cyclic loading conditions. Therefore, the two-surface model [1] is
modified by introducing backstress terms to both yield and transformation condition. Thereby,
nonlinear kinematic hardening and a coupling between both backstress tensors (see e.g. [2]) is
included. An efficient strategy for the numerical implementation of the constitutive equations
is proposed.
References:
1. H. Hallberg, P. Håkansson, and M. Ristinmaa. A constitutive model for the formation
of martensite in austenitic steels under large strain plasticity. International Journal of
Plasticity, 23(7): 1213-1239, 2007.
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09.03.2016 17:20 Guillermo Díaz Altgebäude (Pockelsstrasse), Raum PK4.7
A finite strain crystal plasticity model based on strong discontinuties – comparison to
standard crystal plasticity theory
Guillermo Díaz (Helmholtz-Zentrum Geesthacht), Volker Fohrmeister (Institute of Mechan-
ics, TU Dortmund), Jörn Mosler (Institute of Mechanics, TU Dortmund)
This work is concerned with different crystal plasticity theories at finite strains. While the
effect of dislocations is captured by means of plastic strains within classical crystal plastic-
ity theory, the proposed novel model accounts for dislocations through inelastic displacement
jumps. Such jumps are embedded into the crystal plasticity model on the basis of the em-
bedded strong discontinuity approach. Since the traction vectors acting at the slip systems
are energetically conjugate to these displacement jumps, traction-separation laws connecting
these types of variables are introduced. Focusing on FCC crystals, 12 slip systems have to be
taken into account within both models. In order to solve the resulting numerically challenging
multi-surface problem, the classical Karush-Kuhn-Tucker conditions are re-written within the
Fischer-Burmeister format. Numerical analyses of polycrystals demonstrate the performance
of both algorithmic formulations.
683

09.03.2016 17:40 Volker Fohrmeister Altgebäude (Pockelsstrasse), Raum PK4.7
Thermomechanically coupled gradient enhanced plasticity theory – variational consti-
tutive updates based on hyper-dual differentiation
Volker Fohrmeister (Institute of Mechanics, TU Dortmund), Alexander Bartels (Institute of
Mechanics, TU Dortmund), Jörn Mosler (Institute of Mechanics, TU Dortmund)
Within this work, a variationally consistent, thermomechanically coupled, gradient enhanced
plasticity model at finite strains and its algorithmic formulation based on numerical differen-
tiation by means of hyper-dual numbers are presented. Concerning the constitutive model,
an existing variationally consistent, thermomechanically coupled local plasticity model [1] is
extended to account for gradient effects [2]. The resulting model is variationally consistent.
To be more precise, this model is uniquely defined by one potential whose stationary points
describe all constitutive assumptions as well as balance of linear momentum and the first law
of thermodynamics. For the numerical computation of the stationary points, the first and the
second gradient of this (time-discretized) potential are calculated based on numerical differen-
tiation by means of hyper-dual numbers [3]. In contrast to standard numerical differentiation,
this method is invariant with respect to the chosen perturbation amplitude. Several numerical
examples show the capabilities of the proposed formulation and implementation.
References
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[3] M. Tanaka et al. In: Comput. Methods Appl. Mech. Engrg., 283:22-45, 2015.
685

10.03.2016 08:30 Matthias Rambausek Altgebäude (Pockelsstrasse), Raum PK4.3
Amultiscale view on shape effects in the computational characterization of magnetorhe-
ological elastomers
Matthias Rambausek (University of Stuttgart), Marc-André Keip (University of Stuttgart),
Christian Miehe (University of Stuttgart)
Magnetorheological elastomers (MRE) are promising candidates for the realization of inno-
vative concepts for highly integrated actuators, haptic displays or more generic live-tunable
structures. MREs have a composite structure which combines a soft elastomeric matrix with
hard magnetic inclusions. Therefore, a considerable amount of research has been conducted on
the homogenization of such microscopically heterogeneous materials, e.g. recently [3, 4, 5].
Such strategies have to be linked to experimental measurements obtained from MRE speci-
mens. Here one has to carefully distinguish between the effective properties of the composite
and macro-structural effects which stem from the interaction of the macroscopic specimen
with its surrounding [1, 2]. This talk is dedicated to the discussion of different experimental
setups with focus on macro-structural effects distorting the measurements of material proper-
ties. For this purpose we present multiscale simulations closely resembling the experimental
setups under consideration (cf. [5]). In this context we also discuss a unit-cell approach which
is a candidate model for material parameter identification scenarios.
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Multi-functional Materials, Volume 7, Conference Proceedings of the Society for Experi-
mental Mechanics Series, pages 251–256. Springer International Publishing, 2016.
[2] G. Diguet, E. Beaugnon and J. Y. Cavaillé. Shape effect in the magnetostriction of fer-
romagnetic composite. Journal of Magnetism and Magnetic Materials, 322:3337–3341,
2010.
[3] E. Galipeau, S. Rudykh, G. deBotton, and P. Ponte Castañeda. Magnetoactive elastomers
with periodic and random microstructures.International Journal of Solids and Structures,
51:3012–3024, 2014.
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10.03.2016 08:50 Lukas Böger Altgebäude (Pockelsstrasse), Raum PK4.3
Minimization- and Saddle-Point-Based Modeling of Diffusion-Deformation-Processes
in Hydrogels
Lukas Böger (University of Stuttgart), Aref Nateghi (University of Stuttgart), Christian Miehe
(University of Stuttgart)
Hydrogels have gained importance during the last years due to their wide range of syntheti-
cally fabricable elastic properties as well their increasing meaning in biomedical applications.
While contact lenses and diapers show their established every day use, thermally controlled
drug delivery carrier, wound dressings, pH-sensitive muscle-like actuators or elastic valves
driven by electric fields demonstrate cutting-edge applications. Future exploitation of the vast
prospects of hydrogels is only feasible by establishing reliable material models precisely cap-
turing their behavior in different environments.
To this end, we propose a consistent variational framework for deformation-diffusion pro-
cesses, offering a canonically compact approach to the unique chemo-mechanical coupling
of hydrogels via a saddle-point as well as a new minimization formulation. Only two con-
stitutive functions are required within the framework, namely the free energy function and a
dissipation potential function. The work depicts the construction of rate-type potentials for the
chemo-mechanical evolution problem and their transformation into time-discrete incremental
potentials, which fully determine the update equations given by typical time stepping proce-
dures. In terms of spatial discretization, the finite element method is employed providing an
intuitive approach to the chemo-mechanical problem under consideration and benefiting from
the intrinsic symmetric structure of the variational foundation.
While the saddle-point formulation yields the well-known Babuška-Brezzi (LBB) condition
as a constraint for finite element interpolations, on the part of its minimizing counterpart
H(Div,B)-conforming elements have to be chosen. We illustrate appropriate solutions to
both challenges, using mixed Taylor-Hood for the saddle-point and Raviart-Thomas elements
for the minimization formulation and discuss advantages of the new approach. Representative
boundary value problems highlight the capabilities of the proposed framework by capturing
mechanically driven diffusion as well as large volumetric swelling due to solvent influx, lead-
ing to wave-like instability pattern in the presence of geometrical constraints.
Recent Publications
[1] C. Miehe, F.E. Hildebrand, and L. Böger. Mixed variational potentials and inherent
symmetries of the cahn–hilliard theory of diffusive phase separation. Proceedings of the Royal
Society A: Mathematical, Physical and Engineering Science, 470(2164):20130641, 2014.
[2] C. Miehe, S. Mauthe, and H. Ulmer. Formulation and numerical exploitation of mixed
variational principles for coupled problems of cahn–hilliard-type and standard diffusion in
elastic solids. International Journal for Numerical Methods in Engineering, 2014.
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10.03.2016 09:10 Aref Nateghi Altgebäude (Pockelsstrasse), Raum PK4.3
Strain-Induced Crystallization in Rubbery Polymers
Aref Nateghi (University of Stuttgart), Arun Raina (University of Cambridge), Christian
Miehe (University of Stuttgart)
Upon stretching a natural rubber sample, polymer chains orient themselves in the direction of
the applied load and form crystalline regions. Due to crystallization, properties of rubber are
considerably altered. The reinforcing effect of the crystallites leads to an up-turn in the stress-
strain curve and an increase in the crack growth resistance. Hence, it is of great importance to
understand the mechanisms leading to strain-induced crystallization. However, limited theo-
retical work has been done on investigation of the kinetics of strain-induced crystallization.
Strain-induced crystallization in natural rubber has been extensively studied using X-ray diffrac-
tion technique. Recent developments in this technique have made it possible to evaluate instan-
taneously the crystalline mass fraction during loading and unloading of the rubber specimen.
A key characteristic observed in the stress-strain diagram of strain crystallizing rubber is the
development of hysteresis under quasi-static loading. This hysteresis is entirely attributed to
strain-induced crystallization.
In this work we propose a micro-mechanically based material model for strain-induced crystal-
lization of rubbers starting from the non-affine-micro-sphere model [1]. To this end, a polymer
network consisting of semi-crystalline chains in addition to fully amorphous chains is consid-
ered. Micro free energies of individual semi-crystalline and amorphous polymer chains are
homogenized over the three-dimensional orientation space to obtain the macro free energy of
the rubbery material. Subsequently, an evolution law describing the kinetics of crystallization
is proposed. Finally, the model is numerically implemented and its performance is compared
with the experimental data.
Recent Publications
[1] C. Miehe, S. Göktepe and F. Lulei. A micro-macro approach to rubber-like materials.
Part I: The non-affine micro-sphere model of rubber elasticity. Journal of the Mechanics and
Physics of Solids 52 (2004), 2617–2660.
[2] S. J. Mistry and S. Govindjee, A micro-mechanically based continuum model for strain-
induced crystallization in natural rubber. International Journal of Solids and Structures 51
(2014), 530–539.
[3] M. Kroon, A constitutive model for strain-crystallising Rubber-like materials. Mechanics
of Materials 42 (2010), 873–885.
[4] L. Thien-Nga, J. Guilie and P. Le Tallec, Thermodynamic model for strain-induced crys-
tallization in rubber. ECCOMAS (2012).
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10.03.2016 08:30 Steven Becker Altgebäude (Pockelsstrasse), Raum PK4.7
Transient Finite Element Simulation of the Temperature Field during Cryogenic Turn-
ing of Metastable Austenitic Steel AISI 347
Steven Becker (University of Kaiserslautern), Patrick Mayer (University of Kaiserslautern),
Benjamin Kirsch (University of Kaiserslautern), Jan C. Aurich (University of Kaiserslautern),
Erik v. Harbou (University of Kaiserslautern), Ralf Müller (University of Kaiserslautern)
Turning processes often are only a part of the process chain in manufacturing. A common
process step after turning is a very time and energy consuming thermal hardening to enhance
the component performance in terms of fatigue strength and wear resistance. As part of cur-
rent researches the possibility of combining these two process steps, turning and hardening,
is investigated to optimize the manufacturing time and to decrease energy consumption. For
metastable austenitic steels, deformation induced hardening during turning can be used to
achieve surface hardening [1] and thus to increase the wear resistance [2] as well as the fatigue
strength [3]. The implementation of high passive forces when turning metastable austenitic
steel enables an austenite–martensite phase transformation, resulting in an increase of hard-
ness. To enable this phase transformation it is also necessary to maintain low process temper-
atures, typically below room temperature. Thus, cryogenic coolants are applied [4].
For a better understanding of the influence of cutting parameters on process temperatures and
thus martensite formation, it is essential to know the exact temperature distribution in the
workpiece and in the contact zone between workpiece and tool. However, the experimental
determination of temperature fields is hardly possible. Therefore an inverse determination
of the process temperatures, regarding the arising heat transfer problem, via transient finite
element simulation of the temperature field during cryogenic turning is performed. By com-
paring the simulated temperature with measured temperature inside the workpiece, the model
parameters such as the heat transfer coefficient from coolant to workpiece and the heat flux
from tool to workpiece are determined.
For the heat transfer problem no mechanical loads are modeled. Hence, the present finite el-
ement approach only takes thermal loads into account. The simulations are performed in an
Eulerian mesh, which requires special consideration of the rigid body rotation of the work-
piece. In order to prevent unphysical oscillations in the solution, introduced by the convective
time derivative, a streamline upwind stabilization is utilized.
References
[1] J.C. Aurich, P. Mayer, B. Kirsch, D. Eifler, M. Smaga, R. Skorupski. Characterization of
deformation induced surface hardening during cryogenic turning AISI 347. CIRP Ann. –
Manuf. Technol. 2014; 63/1:65–68
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10.03.2016 08:50 Robert Bischof Altgebäude (Pockelsstrasse), Raum PK4.7
Simulation of micro-cutting considering finite deformation crystal plasticity
Robert Bischof (University of Kaiserslautern), Richard Lohkamp (University of Kaiser-
slautern), Frank Schneider (University of Kaiserslautern), Charlotte Kuhn (University of
Kaiserslautern), Jan C. Aurich (University of Kaiserslautern), Ralf Müller (University of
Kaiserslautern)
Machining is one of the most frequently used manufacturing methods. Since smallest manu-
facturing tolerances are aspired, efforts are made to reduce scales in the production processes.
This subject is known as micro-machining.
Numerical simulations can help to improve the understanding of the mechanism in micro-
machining processes. For this reason appropriate material models are required, which need to
be implemented in numerical methods, as e.g. finite element method (FEM).
The process of micro-cutting determines the quality of the machined surface of commercially
pure (cp)-titanium, which has an hexagonal-close-packed (hcp)-crystal structure. Experimen-
tal findings indicate on influence of the crystal structure, i.e the grain orientations on the
process and the machining result. Usual large scale finite element machining simulations do
not consider the microstructure of the material. Thus, a crystal plastic material model based
on finite strains is required to simulate the process of micro-cutting with FEM. An arbitrary
orientation of the hcp-crystals of the microstructure enables the investigation of the cutting
forces in relation to the crystal orientation.
References
[1] Neto, E. A. de Souza; Peric, D.; Owen, D. R. J.: Computational Methods for Plasticity:
Theory and Applications. New York: John Wiley & Sons, 2011.
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10.03.2016 09:10 Shimaalsadat Mostafavi Altgebäude (Pockelsstrasse), Raum PK4.7
A Finite Element Analysis of Effects of Ultrasonic Welding Parameters on Temperature
Distribution in Wire Bonding
Shimaalsadat Mostafavi (RWTH Aachen University), Bernd Markert (RWTH Aachen Univer-
sity)
Wire bonding process is an essential step in packaging technology and automotive industry.
Multi-strand flexible aluminum or copper cables are used for connection of different electronic
components and electrical centers in hybrid electric vehicles (HEV). As an alternative for
crimping technology in wire bonding, ultrasonic welding (USW) is applied, which is a rapid
manufacturing process used to create solid state joints between thin materials at low tempera-
ture and low energy consumption compared to the known welding processes, such as oxy-fuel
welding and arc welding. This method is very popular in industries, such as computer and
electronics, automotive, food, hygiene, medical and packaging. In electrical industry, welding
is often used for wired connections. An ultrasonic welding machine consists of different parts,
such as pneumatic cylinder, piezoelectric converter, booster, welding sonotrode and anvil. De-
spite of the simplicity of the USW process, choosing right machine and process parameters,
like pressure of the pneumatic cylinder, sonotrode force, welding time as well as vibration
amplitude of the piezo-converter, is a tricky and complicated task to obtain an adequate bond.
Experimental investigations done in this area are extremely time-consuming and require a lot
of effort. Therefore, some +new approaches must be developed to help understanding the
process in more detail. The present work focuses on the influence of ultrasonic welding pa-
rameters, such as sonotrode force and vibration amplitude, on the temperature distribution at
interfaces of two connecting pieces in wire bonding [1,2]. Investigations are done by means of
FEM simulations for a model consisting of one strand and one surface as the connecting ter-
minal. The results of this study can be generalized to an extended thermo-mechanical analysis
of multi-strand models.
References
[1] Ding, Y., Kim, J.:Numerical analysis of ultrasonic wire bonding: Part 2. Effects of bond-
ing parameters on temperature rise. Microelectronics Reliability 48, 2008, pp.149-157.
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10.03.2016 13:30 Mikhail Itskov Altgebäude (Pockelsstrasse), Raum PK4.3
Mechanics of elastomers based on polymer chain length statistics
Mikhail Itskov (RWTH Aachen University)
Polymer chain length statistics as it results from the polymerization process has long been
known in chemistry but has not so far been applied to mechanics of elastomers. In the present
contribution, this chain length statistics is incorporated into a full network model. The free
energy of such a network results from the integral of single chain energies over the unit sphere.
The so derived multi-scale model is able to describe not only the elastic behavior but also in-
elastic effects peculiar to filled rubbers. These are, in particular, the Mullins effect, permanent
set and strain induced anisotropy. Special attention is focused to modeling of rubbers rein-
forced by carbon nanotubes. The carbon nanotubes introduce additional cross-linking into the
network and by this means influence the probability density function of chain lengths. Model
predictions demonstrate good agreement with experimental data.
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10.03.2016 13:50 Vu Ngoc Khiêm Altgebäude (Pockelsstrasse), Raum PK4.3
Rubber elasticity based on an analytical network-averaging concept
Vu Ngoc Khiêm (RWTH Aachen University), Mikhail Itskov (RWTH Aachen University)
In this contribution, a micromechanical model for rubber elasticity is proposed. The numerical
integration over the unit sphere is avoided by using an analytical network-averaging concept.
Furthermore, the free energy of polymer chains is developed on the basis of a closed-form of
the Rayleigh exact non-Gaussian distribution function. Thus, the inverse Langevin function is
avoided in our model. The proposed model includes four physically motivated material con-
stants and demonstrates good agreement with various experimental data. The result confirms
that the microsphere modeling concept is not crucial for isotropic constitutive laws.
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10.03.2016 14:10 Ameya Rege Altgebäude (Pockelsstrasse), Raum PK4.3
Large strain constitutive modeling of cellulose aerogels
Ameya Rege (RWTH Aachen University), Mikhail Itskov (RWTH Aachen University)
In this contribution, we propose a non-linear constitutive model for cellulose aerogels subject
to compression. The model is based on the cellular microstructure of aerogels wherein the
aerogel network is formed of square shaped unit cells of varying pore sizes with an isotropic
distribution. Under uniaxial compression, these cells tend to bend non-linearly until pore col-
lapse. This cell bending is described by the extended version of the Euler-Bernoulli beam
theory for large deflections. The macroscopic free energy of the whole network is then con-
sidered to be a sum of the microscopic energies of cells distributed in different directions.
Cellulose aerogels with different cellulose content are simulated using the proposed model.
The model predictions show good agreement with experimental data.
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10.03.2016 14:30 Ehsan Darabi Altgebäude (Pockelsstrasse), Raum PK4.3
Modelling of hydrodynamic strain amplification in filled elastomers
Ehsan Darabi (RWTH Aachen University), Mikhail Itskov (RWTH Aachen University), Man-
fred Klüppel (Deutsches Institut für Kautschuktechnologie e. V.)
Polymer chains in filled elastomers are subject to a strain bigger than the overall (macro-strain)
applied to the specimen, which is described by a strain amplification factor. In the current
paper, a micromechanical model for hydrodynamic strain amplification is presented. To this
end, we develop the concept of the multiple filler fractions within the so-called Dynamic
Flocculation Model (DFM) framework. Accordingly, with increasing strain, a single unbroken
virgin cluster gradually splits into smaller clusters. Thus, the fractions of smaller filler clusters
increase with increasing strain, which in turn influences the filler-induced hysteresis. The
filler induced hysteresis is then described by the cyclic breakdown of the residual fragile filler
clusters and re-aggregation of the already broken filler-filler bonds. The model includes a
few numbers of physically motivated material constants describing the average filler cluster
dimensions, filler-filler and filler-matrix interaction properties.
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10.03.2016 14:50 Sören Gelke Altgebäude (Pockelsstrasse), Raum PK4.3
Simulation of a chassis bushing with regard to strain induced softening of filled rubbers
Sören Gelke (Technische Universität Chemnitz), Jörn Ihlemann (Technische Universität
Chemnitz)
In automotive applications rubber parts play an essential role for controlling acoustics, vibra-
tions and harshness. One aspect for the simulation of such parts is a valid prediction of the
part stiffness already in the design phase. The modulus of carbon black filled rubber heavily
depends on the loading history. The pronounced dropping material stiffness after being ex-
posed to increased prestrains is called Mullins effect. For a successful simulation of complex
rubber structures it is vital to properly capture this characteristic in the adaption process.
A material model is presented, which describes such behavior of rubbery materials on a uni-
axial basis. The visco-elastoplastic model for rubber at large strains has been described in an
early stadium in Freund et al. [1]. It allows for amplitude dependent dynamic moduli, referred
to as Payne effect. The theory of a strain amplification factor is applied which is lastly going
back to Mullins & Tobin [2]. This amplification factor decreases with increasing prestrain
controlled by a two-parameter formulation and so achieves the model to soften.
Yet, the model has been described for uniaxial tension and compression. For the implemen-
tation into a FE program, a spatial model is needed. The generalization to three dimensions
is done with the concept of representative directions, published by Freund & Ihlemann [3].
By evaluating a uniaxially formulated material model in several directions a tensorial model
can be obtained. In order to achieve an ideal distribution of an arbitrary number of directions
an algorithm is used that is based on repulsion of equal charges lying on a unit sphere. The
amplification factor is determined for every evaluated direction with its respective maximum
uniaxial strain and thus causes an anisotropic softening which corresponds with experimental
evidence.
A FE simulation of a chassis bushing shows that the Mullins effect is reproduced appropriately.
The stiffness values that are predicted for the radial and the axial deformation mode verify the
preceding material characterization.
References
[1] Freund, M., Rabkin, M. and Ihlemann, J. (2014), Extension of a uniaxial model with
Payne effect by the description of the Mullins effect and generalization to three dimen-
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10.03.2016 15:10 Ralf Landgraf Altgebäude (Pockelsstrasse), Raum PK4.3
A general modeling framework and specific mechanical approaches to simulate curing
phenomena in polymers
Ralf Landgraf (Technische Universität Chemnitz), Jörn Ihlemann (Technische Universität
Chemnitz)
In many technical or clinical procedures, polymeric materials are employed as adhesives, fill-
ing or sealing materials, among others. Within these applications, a chemical reaction of the
materials (e.g. polymerization) causes the materials to cure from a liquid to a solid.
In this contribution, a general continuum mechanical modeling framework is presented, which
takes into account the main chemical, thermal and mechanical phenomena of polymeric cur-
ing processes. The basic structure of the modeling framework is shown and specific aspects,
like the definition of the curing process or the formulation of reaction heat due to polymer-
ization, are explained in detail. The second part of this contribution concentrates on different
mechanical models to capture the mechanical behavior of polymeric curing processes. Here,
elastic, viscoelastic and viscoplastic models at large deformations are employed. Moreover,
phenomenological and numerical properties of the different approaches are discussed. Finally,
the modeling approach is applied to a specific polymer.
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10.03.2016 13:30 Jan Eike Schnabel Altgebäude (Pockelsstrasse), Raum PK4.7
Modeling of thermomechanical behavior of lamellar TiAl alloys
Jan Eike Schnabel (Helmholtz-Zentrum Geesthacht), Swantje Bargmann (Helmholtz-
Zentrum Geesthacht / Hamburg University of Technology)
Titanium aluminide (TiAl) alloys, especially those exhibiting fully lamellar microstructures,
are increasingly used in high temperature lightweight applications in aerospace and automo-
tive engineering. Their extraordinary thermomechanical properties combined with a compar-
atively low density result in numerous potential applications of which only a few are realized
already. This might be due to the complex thermomechanical behavior of these alloys which is
highly influenced by micromechanical effects and thus not easily predicted using conventional
macroscopic material models.
The micromechanical material models for lamellar TiAl, reported in literature, are limited ei-
ther to room temperature or to isothermal conditions. Herein, the model parameters are usually
found from isothermal experiments with a certain mean lamella thickness and are therefore of
limited validity for other temperatures and microstructural parameters. To enable a reliable
prediction of the materials behavior from room to operating temperature without being lim-
ited to only one set of microstructural parameters, our aim is to set up a thermomechanically
coupled micromechanical material model which collectively accounts for all relevant defor-
mation mechanisms in this temperature range.
As prototype of the lamellar compound, so-called polysynthetically twinned crystals -basically
a single set of lamellae - enable a selective analysis of its micromechanical behavior. Respec-
tive experimental results from literature show the influence of load angle, internal boundaries,
temperature, load level etc. on the mechanical response and are therefore a good starting point
to analyze and understand the interrelations between micromechanical effects. These experi-
ments can be used to set up and calibrate a material model which is easily transferred to fully
lamellar microstructures.
Our model is formulated in a thermomechanically coupled crystal plasticity framework to
incorporate the strong plastic anisotropy observed in the lamellar compound. The tempera-
ture dependence of material parameters as well as the influence of relevant micromechanical
lengths (e.g. Hall-Petch strengthening due to lamella boundaries) is incorporated in the model
in accordance to experimental findings from literature. The spatial discretization of an ap-
propriate periodic RVE is done with finite elements. The simulation results yield very good
agreement with experimental findings over a wide range of temperatures and microstructural
parameters.
References:
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10.03.2016 13:50 Jürgen Albiez Altgebäude (Pockelsstrasse), Raum PK4.7
Introduction and validation of a physically motivated model for creep of directionally
solidified eutectics
Jürgen Albiez (KIT), Ioannis Sprenger (KIT), Daniel Weygand (KIT), Martin Heilmaier
(KIT), Thomas Böhlke (KIT)
The efficiency of turbine engines depends strongly on its operating temperature and, there-
fore, is influenced by the melting temperature of the used materials. The B2-ordered NiAl
exhibits a higher melting temperature and a lower density compared to currently used single-
crystal nickel-based superalloys [1]. Additionally, NiAl fulfills further requirements for the
use at elevated temperatures such as a high oxidation resistance and a high thermal conduc-
tivity [1]. Therefore, it has been considered to replace nickel-based superalloys in the past
[1]. For structural applications, however, the low creep resistance and the room temperature
fracture toughness limit at this stage the use of NiAl [1]. The directional solidification (DS) of
an eutectic alloy e.g. NiAl-X with X=Cr, Mo, W, Re leads to an in-situ composite with a near-
stoichiometric NiAl matrix and reinforcing fibers or lamellae [1]. Depending on the growth
rates, well-aligned fibrous or lamellar microstructures can be created by the DS of e.g. eutectic
NiAl-9Mo. The impact of well-aligned fibers on the improvement of creep resistance is im-
pressively demonstrated by a five orders of magnitude lower creep rate than in monolithic NiAl
[2]. To simulate the creep behavior of the DS NiAl-9Mo, a three-dimensional finite element
(FE) model based on single-crystal plasticity theory is introduced. Therefore, material models
describing the deformation behavior of each phase are necessary. The elasto-viscoplastic be-
havior of the NiAl matrix is modeled with an ideal plastic behavior. For the fiber, however, a
transition model describing the transition from a defect-free behavior to a bulk material behav-
ior is necessary. This transition behavior is motivated by experimental observations revealing
the reduction of the fiber’s yield strength from the theoretical strength with increasing dislo-
cation density [3, 4]. El-Awady [5] proposed a generalized size-dependent transition model
which predicts the change from dislocation-source strengthening to forest-dominated strength-
ening as a function of the dislocation density. The upper limit of the theoretical strength in a
defect-free material, however, cannot be fulfilled by the proposed strengthening law. There-
fore, a modified strengthening law will be introduced. It is motivated by a regularization of
the strengthening law proposed by El-Awady and fulfills above limiting case for a defect free
material.
For a validation of the FE model of the composite, it should be able to reproduce (i) the effects
of a change of the applied stress, (ii) a modification of the fiber diameter, and, (iii) a change
of the temperature. Therefore, predicted creep curves of the FE model are compared to own
creep measurements. It is shown, that the FE model reproduces correctly the experimentally
measured creep curves. Due to the simulation, the impact of each phase on the composite’s
behavior could be revealed. Thereby, the shape of the creep curve could be explained, and it is
found that the composite’s creep behavior is mainly controlled by the plastic behavior of the
fibers. Finally, the applicability of the model to DS eutectics with a lamellar microstructure is
discussed.
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10.03.2016 14:10 René Sebastiano Altgebäude (Pockelsstrasse), Raum PK4.7
Experimental Characterization and Modeling of Dual-Phase Steel under Biaxial and
Non-monotonic Loading
René Sebastiano (KIT), Barthel Brylka (KIT), Florian Rieger (KIT), Thomas Böhlke (KIT)
Dual-phase steels combine high strength with good formability in cold forming processes
which enables the application for high volume automotive parts in body structure and crash
management systems. Prediction of critical process parameters in forming allows for a more
efficient dimensioning of in-service properties and tooling. Accurate simulation of these
multi-step forming processes requires material models which account for large deformations,
plastic anisotropy and non-monotonic loading conditions. Material parameters for the descrip-
tion of the hardening behavior are commonly obtained from uniaxial tensile tests and bulge
testing at large biaxial strains. Uniaxial characterization methods are widely used in industry
whereas biaxial characterization methods are still not well established.
In this contribution the hardening behavior of the dual-phase steel DP600 is investigated by
conducting uniaxial, biaxial and non-monotonic experiments using an electro-mechanical bi-
axial testing machine equipped with an optical extensometer and a full-field strain measure-
ment system. The different control strategies and their limitations are described for the ex-
perimental procedures. Particular attention is dedicated to the strain measurement principles
which are evaluated for the specimen geometry suggested by Kuwabara et al. [2] using a novel
measurement method based on digital image correlation proposed within this work.
The initial yield surface and the development of anisotropy is evaluated using contours of
equivalent plastic work as suggested by Hill and Hutchinson [1]. The obtained approxima-
tion for the yield surface and the evolution of anisotropy is modeled using macroscopic yield
functions for plane stress conditions. The material response after a strain-path change is char-
acterized by subsequent tension in orthogonal directions using the aforementioned specimen
geometry [2]. A modified non-linear kinematic hardening model originally formulated by
Armstrong and Frederick [3] is used to model the transient hardening response. Finally a
validation for the monotonic biaxial tests is carried out using finite element simulations.
References
[1] Hill, R. and Hutchinson, J.W. Differential Hardening in Sheet Metal Under Biaxial Load-
ing: A Theoretical Framework. Journal of Applied Mechanics 59, 1-9 (1992).
[2] Kuwabara, T., Ikeda, S., and Kuroda, K. Measurement and analysis of differential work
hardening in cold-rolled steel sheet under biaxial tension. Journal of Materials Processing
Technology 80-81, 517-523 (1998).
[3] Armstrong, P.J. and Frederick, C.O. A mathematical representation of the multiaxial
Bauschinger effect. General Electricity Generating Board, Report No RD/B/N/731 (1966).
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10.03.2016 14:30 Johannes Ruck Altgebäude (Pockelsstrasse), Raum PK4.7
Martensitic phase transformation for dual phase steels
Johannes Ruck (Karlsruhe Institute of Technology), Thomas Böhlke (Karlsruhe Institute of
Technology)
Modeling the transformation behavior of metallic materials due to thermal and mechanical
loading is of great importance considering a variety of production processes and structural
components.Prominent examples are high strength steels and shape memory alloys. Existing
models describing the kinetics of phase transformations are either phenomenological models
using empirical evolution equations, e.g. [1], [2], or micromechanical models. The microme-
chanical models are of basically two different kinds. First there are laminate based approaches
using quasiconvex, relaxed potentials for different variants of the transformed phase. Based
on thermodynamical arguments evolution equations for the variants are derived, see for exam-
ple [3] and [4]. The second group are sharp interface approaches modeling the transformation
kinetics by considering an inclusion problem in the framework of small strains[5].
The present work is concerned with the transformation behavior of the dual phase steel DP
600. The focus is on modeling the transformation kinetics within a large strain framework
using a micromechanical sharp-interface model.Numerical examples examining the effect of
different load and temperature scenarios on the transformation kinetics are discussed.
References:
[1] Olson, G. and Cohen, M., 1975. Kinetics of strain-induced martensitic nucleation. Metal-
lurgical transactions. A 6, (12), 791-795.
[2] Avrami, M., 1939. Kinetics of phase change. I general theory. The Journal of Chemical
Physics. 7 (12), 1103-1112.
[3] Govindjee, S., Mielke, A. and Hall, G., J., 2002. The free energy of mixing for n-variant
martensitic phase transformations using quasi-convex analysis. Journal of the Mechanics and
Physics of Solids. 50 (9), 1897-1922.
[4] Bartel, T. and Hackl, K., 2009. Amicromechanical model for martensitic phase-transformations
in shape-memory alloys based on energy-relaxation. ZAMM-Journal of Applied Mathematics
and Mechanics. 89 (10), 792-809.
[5] Cherkaoui, M., Berveiller, M., and Sabar, H., 1998. Micromechanical modeling of marten-
sitic transformation induced plasticity (trip) in austenitic single crystals. International Journal
of Plasticity. 14 (7), 597-626.
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10.03.2016 14:50 Thorsten Bartel Altgebäude (Pockelsstrasse), Raum PK4.7
A phenomenological framework for the modelling of functional fatigue in NiTi wires
Thorsten Bartel (Institute of Mechanics), Muhammad Osman (Institute of Mechanics), An-
dreas Menzel (Institute of Mechanics)
Shape memory alloys (SMA) exhibit a large potential for modern and innovative industrial
applications. However, the number of real applications, where effects such as pseudoelasticity,
pseudoplasticity and the shape memory effect are utilised, is still rather small. This may be due
to the fact that SMA are relatively difficult and expensive to manufacture in comparison to,
e.g., shape memory polymers. Another reason for the restraint of SMA to become an “industry
standard material” has been identified as functional fatigue. This phenomenon is responsible
for the degradation of the outstanding features of SMA in particular during cyclic thermal and
mechanical loading. This includes the significant change of the hysteresis’ shape and hence
the decrease of recoverable strains and transformation stresses, the change of transformation
temperatures as well as a loss of (shape) memory, among other consequences. The aim of
the present contribution is to establish a model which is specifically suitable for SMA wires
and takes into account the essential effects of functional fatigue. The phase transformation
model itself is based on geometrically fully resolved phase fronts separating austenite from
martensite. The positions of these phase fronts—in contrast to a framework based on internal
variables such as volume fractions—state the global variables of the phase transformation
model. In a thermodynamics-based manner, driving forces for the position of these fronts are
derived which govern the stress- and temperature-induced evolution of the phase fronts.
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10.03.2016 15:10 Michael Budnitzki Altgebäude (Pockelsstrasse), Raum PK4.7
A phase field approach to stress and temperature induced tetragonal-to-monoclinic
transitions in partially stabilized zirconia
Michael Budnitzki (TU Bergakademie Freiberg), Meinhard Kuna (TU Bergakademie
Freiberg)
Unlike the cubic-to-tetragonal transition in Ni-based shape memory alloys, which has been
studied extensively using the phase field method based on Ginzburg-Landau theory, the tetrago-
nal-to-monoclinic (T-M) transition in zirconia (ZrO2), which is responsible for transformation
toughening as well as the shape memory effect, received relatively little attention. Recently,
some work based on the 2-4-6 Landau-potential was published by Mamivand et al. (Acta
Mat., 64:208–219, 2014; Int. J. Plas., 60:71–86, 2014). However, this potential is known to
predicts loss of stability of the low symmetry phase at zero tangent modulus as well as unequal
forward and reverse transformation strains, which is at variance with observation (V. Levitas,
D. L. Preston, Phys. Rev. B, 66:134206, 2002). Further, it cannot predict both pseudoelas-
tic and pseudoplastic behavior. By means of two-dimensional phase field simulations based
on the Ginzburg-Landau theory, we show that the mentioned deficiencies can be mended by
the use of an appropriate Landau-potential, which accounts for all essential features of the
tetragonal-to-monoclinic transformation in ZrO2 including a realistic stress hysteresis as well
as microstructures that resemble experimental observation. We successfully apply this poten-
tial to the simulation of the T-M transformation in MgO-stabilized zirconia induced by cooling
as well as mechanical loading, accounting for the orientation dependence between the crystal
axes of the cubic matrix and the tetragonal inclusion as well as the elastic anisotropy of the
matrix, the tetragonal parent phase and both monoclinic variants.
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10.03.2016 17:20 Roland Kruse Altgebäude (Pockelsstrasse), Raum PK4.3
Isogeometric contact analysis and the third medium method
Roland Kruse (TU Braunschweig), Nhon Nguyen-Thanh (TU Braunschweig), Laura De
Lorenzis (TU Braunschweig), Peter Wriggers (LU Hannover)
An isogeometric formulation for contact between deformable bodies, based on the recently
proposed [1] concept of the third medium, is presented. This concept relies on continuum
formulations not only for the contacting bodies but also for the intermediate medium in which
the bodies can move and interact, and hence avoids the numerical difficulties associated with
the discontinuous nature of contact.
Key to the formulation is a suitable definition of the constitutive behavior of the third medium.
In this work, based on a number of numerical examples, the role of the material parameters is
assessed, and it is demonstrated that their proper choice is crucial to minimize the residual gap
between the bodies in contact, to gain an almost correct contact pressure distribution, and to
maximize the possible amount of sliding. Self-contact is shown to be another attractive appli-
cation of the method. The examples finally reveal that further research into the third medium
method is required to obtain a formulation which is able to reliably reproduce frictionless and
frictional contact even under substantial sliding.
[1] P. Wriggers, J. Schröder, and A. Schwarz. A finite element method for contact using a
third medium. Computational Mechanics, 52:837–847, 2013
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10.03.2016 17:40 Florian Toth Altgebäude (Pockelsstrasse), Raum PK4.3
Time and frequency domain finite element implementation of a fully anisotropic linear
viscoelastic model
Florian Toth (TU Wien), Manfred Kaltenbacher (TU Wien)
Many biological materials like skin, arteries or bone show visco-elastic behaviour [1]. The
same holds for many polymers of engineering relevance. Fibre reinforced polymers show
a pronounced anisotropy depending on their fibre orientation. Thus, also their visco-elastic
behaviour will be anisotropic. The same holds for biological tissues.
In order to accurately describe anisotropic, linear visco-elastic materials we extend the com-
mon isotropic formulation to arrive at the tensor valued Stieltjes convolution
σ(t) =
t∫
−∞
ε(t− τ)dG(τ), (1)
describing the stress strain formulation, where σ and ε denote the stress and strain tensor,
respectively. Equivalently to the isotropic case we can write the symmetric tensor of stress
relaxation functions as a Prony series
G(t) =C∞+
M
∑
m=1
Cme−t/τm . (2)
The time domain equations can be transformed into the frequency domain yielding a complex
valued material tensor.
The presented formulation was implemented in the finite element code CFS++ [2]. For the
numeric evaluation of the hereditary integral (1) we use an efficient recursive algorithm [3, 4],
which was extended to a tensor valued formulation. Contrary to the common approach to
define the needed history variables in terms of strains at the integration points of the elements
[3], we show a novel approach: History variables abased on nodal displacements are used, thus
reducing the needed storage requirement from 6 to 3 components for a 3D formulation.
The finite element implementation was tested against reference results from ABAQUS [3]:
By investigating periodic unit cells with a geometrically anisotropic structure made from
isotropic, visco-elastic material we can generate microscopical anisotropic, visco-elastic be-
haviour. This behaviour is identified from frequency domain analyses for a number of load
cases and frequencies. In a further step we use the obtained anisotropic visco-elastic material
parameters to conduct time analyses of the unit cells to validate our numerical scheme against
results from ABAQUS.
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10.03.2016 18:00 Mario A. Garcia Altgebäude (Pockelsstrasse), Raum PK4.3
A consistent implementation for inelastic materials in an ALE formulation for steady
state rolling contact
Mario A. Garcia (TU Dresden), Michael Kaliske (TU Dresden)
The numerical analysis of the rolling contact for rubber materials is a challenging task, es-
pecially due to the many nonlinearities inherent to the material, large deformations, friction,
and energy dissipation, among others. Industrial applications can be found in ball bearings,
rollers, and most commonly in tires of vehicles, applications where reliable numerical simula-
tions lead to the improvement of durability, performance and safety. While a transient analysis
stands as a practical and powerful tool for the simulation of rotating bodies, the large amount
of computational resources required represents its biggest disadvantage. An alternative fre-
quently used lays in a steady state simulation by means of an Arbitrary Lagrangian Eulerian
(ALE) formulation, where the rotational velocity and axial loads are assumed to remain con-
stant. Within this framework, the reference configuration is neither attached to the material
particles nor fixed in space and special attention should be paid to the history variables of
inelastic materials. In this work, a viscoelastic material model is implemented in an in-house
finite element code, based on a generalized Maxwell model. The implementation takes into
consideration the contribution of all elements connected in circumferential direction and a
consistent linearization is made for each of them, leading to an assembled stiffness matrix
with more non-zero values than a standard one. This approach is combined with smeared
reinforcement embedded in base elements. The reinforcing layers are described by a hyper-
elastic material model, providing additional advantages for the modeling and simulation of
reinforced rollers and tires. Numerical results for different examples show the capabilities of
this implementation and the efficiency of the numerical algorithms is discussed. Important
remarks and an outlook for further research concludes this presentation.
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10.03.2016 18:20 Lukas Moj Altgebäude (Pockelsstrasse), Raum PK4.3
A two-scale, two-phase model for thermal driven phase transition during solidification
Lukas Moj (TU Dortmund), Tim Ricken (TU Dortmund), Ingo Steinbach (University of
Bochum)
Numerical simulations of hot working processes has gained significant importance for steel
making industries in order to improve manufacturing. Hence, a continuum-mechanical, bi-
phasic, two-scale model is developed to predict thermally driven phase transition during so-
lidification processes. The solid and liquid physical states are formulated in the framework of
the enhanced theory of porous media (TPM) [1], by transition rate terms and thermal coupling
[2], respectively. Furthermore, finite plasticity superimposed by a secondary power creep law
has been considered to describe realistic material behaviour modified by thermal dependent
material parameters. A linear, viscoelastic material law and Darcy’s permeability were cho-
sen for the description of the liquid phase. The phase transition is formulated by a two-scale
approach considering the phase-field model on the micro-scale [3], [4]. Here, a double-well
potential consisting of two local minima at completely solid and liquid physical states is uti-
lized. The finite element method and the finite difference method are employed to solve the
macroscopic and the microscopic boundary value problem.
References
[1] R. De Boer, Theory of Porous Media, Springer, New York, 2008.
[2] J. Bluhm, Modelling of thermoelastic porous solid with different. In: Ehlers, W. and Bluhm
J. (Hrsg.): Porous Media: Theory, experiments and numerical applications, Springer,
New York, 2002.
[3] R. Kobayashi, Modeling and numerical simulation of dendritic crystal growth. Physica
D, Nonlinear Phenomena, 410-423, 1993.
[4] I. Steinbach, M. Apel, The influence of lattice strain on pearlite formation in Fe-C. Acta
Materialia, 55, 4817-4822, 2007.
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10.03.2016 18:40 Abdiel R. Leon Bal Altgebäude (Pockelsstrasse), Raum PK4.3
Constitutive modeling and computational simulation of soil excavation using PFEM
Joint Annual Meeting - GAMM and DMV 2016
Abdiel R. Leon Bal (Ruhr-Universität Bochum), Thai S. Dang (Ruhr-Universität Bochum),
Günther Meschke (Ruhr-Universität Bochum)
During mechanized excavations with Tunnel Boring Machines (TBM), mechanical transfor-
mations occur in the soft soil owing to the tool-ground interaction and the soil conditioning.
As the TBM advances, the soil is excavated and flows into the pressure chamber where an
evolution of the material behaviour arises. In order to optimize the excavation and material
transport processes, the relevance of this transition must be properly assessed.
In this contribution, we investigate the transition from a solid-like to fluid-like state of the
soil and its implications with the geomechanical parameters of interest. Two numerical imple-
mentations will be presented. The first implementation is a hypoplastic constitutive model[1]
belonging to the family of nonlinear incremental formulations, where the Jaumann stress rate
σ˚ is related to the deformation rate tensor D = 12 (∇v+∇
tv), the Cauchy stress tensor σ and
the void ratio e via the general tensorial form H(σ ,D,e, ...) . The second implemented formu-
lation is based on an enhanced constitutive model[2] where the evolution of frictional internal
variables such as dilatancy (β ) and residual friction (µ)is formulated in rate dependent form
citekey-3.
We aim to study the topology of the material accumulation in front of the cutting tool and to
identify zones of the ground where, according to the pertinent material model[1][2], the soil
could behave either as a rigid solid or as a plastic fluid (residual state).
For the computational simulation, continuum particle based method, the Particle Finite El-
ement method (PFEM)[4] is employed owing to its ability to handle changing geometries
and large deformations and displacements. The PFEM is an updated Lagrangian Finite Ele-
ments formulation that allows a proper tracking of free surfaces without excessive mesh dis-
tortion. The identification of changing boundaries is performed by means of the alpha-shape
technique. A numerical model of the soil excavation operation in selected soil conditions is
presented.
References
[1] Gudehus, G. A comprehensive constitutive equation for granular materials. Soils and
Foundations, Japanese Geotechnical Society. 36(1) (1996), 1–12.
[2] J. Andrade, Q. Chen, P. Le, C. Avila and T. Evans. On the rheology of dilative granular
media: Bridging solid- and fluid-like behavior. J. of the Mechanics and Physics of Solids.
60 (2012), 1122–1136 .
[3] P. Jop, Y. Forterre and O. Pouliquen. A constitutive law for dense granular flows. Nature,
Nature Publishing Group. 441 (2006), 727–730 .
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10.03.2016 17:00 Phil Daro Krummrich Altgebäude (Pockelsstrasse), Raum PK4.7
Experimental Validation of RVE Based Failure Simulations of Macro-Porous Materials
Phil Daro Krummrich (University of Bremen), Patrick Schneider (University of Bremen),
Thomas Hochrainer (University of Bremen)
Understanding the fracture strength of macro-porous brittle materials is currently a topic of
intensive research. Correlations between defect distribution characteristics and the failure be-
havior may be investigated by Finite Element simulations of so called representative volume
elements (RVE).
Representative volume elements are typically subjected to periodic boundary conditions. More-
over, representative volume elements are often chosen as planar, i.e., two dimensional in order
to reach reasonable statistics. The significance of such strongly simplified simulations needs
to be validated, especially if the matrix failure is potentially dominated by matrix defects, as
is the case, e. g., in macro-porous ceramics.
In the current work we present a quasi-periodic specimen design for the validation of failure
simulations of planar periodic representative volume elements. The validation is premised
on the comparison between simulated and experimentally observed crack propagations in-
side corresponding volume elements. The quasi-periodic boundary conditions are reached by
adding rim regions to the referenced volume element. The rims should be designed such that
the internal stress state resembles the stress state in the conforming periodic representative
volume element as closely as possible. We compare stress tensors with respect to the spectral
norms (largest eigenvalue) and the directions of the eigenvectors at every integration point.
By analyzing different rim region configurations we identify the rim geometry which is best
suited to approximate periodic boundary conditions in finite specimens for compression tests.
Photoelastic measurements at acrylic glass specimens in compression tests are used to validate
the quasi-periodicity of the obtained stress state.
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10.03.2016 17:20 Ionel-Dumitrel Ghiba Altgebäude (Pockelsstrasse), Raum PK4.7
Loss of ellipticity for non-coaxial plastic deformations in additive logarithmic finite
strain plasticity and other related results on Hencky-type energies
Ionel-Dumitrel Ghiba (University Duisburg-Essen), Patrizio Neff (University Duisburg-
Essen), Robert Martin (University Duisburg-Essen)
We consider the additive logarithmic finite strain plasticity formulation from the view point of
loss of ellipticity in elastic unloading. We prove that even if an elastic energy F 7→W (F) =
Ŵ (logU) happens to be everywhere rank-one convex as a function of F , the new function F 7→
W˜ (F) = Ŵ (logU− logUp) need not remain rank-one convex at some given plastic stretch Up
which is in complete contrast to multiplicative plasticity (and infinitesimal plasticity).We also
give a comprehensive description of the family of exponentiated Hencky energies previously
considered in a series of papers.
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10.03.2016 17:40 Patrizio Neff Altgebäude (Pockelsstrasse), Raum PK4.7
Old and new thoughts on the indeterminate couple stress model
Patrizio Neff (Universität Duisburg-Essen), Ionel-Dumitrel Ghiba (), Angela Madeo (), Ingo
Münch ()
The first aim of this talk is to venture a new look at the linear isotropic indeterminate couple
stress model in the general framework of second gradient elasticity and to propose a new al-
ternative formulation which obeys Cauchy-Boltzmann’s axiom of the symmetry of the force
stress tensor. For this model we prove the existence of solutions for the equilibrium problem.
Relations with other gradient elastic theories and the possibility to switch from a 4th order
(gradient elastic) problem to a 2nd order micromorphic model are also discussed with the
view of obtaining symmetric force-stress tensors. It is shown that the indeterminate couple
stress model can be written entirely with symmetric force-stress and symmetric couple-stress.
The difference of the alternative models rests in specifying traction boundary conditions of
either rotational type or strain type. If rotational type boundary conditions are used in the
integration by parts, the classical anti-symmetric nonlocal force stress tensor formulation is
obtained. Otherwise, the difference in both formulations is only a divergence–free second
order stress field such that the field equations are the same, but the traction boundary con-
ditions are different. For these results we employ an integrability condition, connecting the
infinitesimal continuum rotation and the infinitesimal continuum strain.
The second aim is to show that, up to now, the traction boundary conditions have not been
completely undestood for this model. As it turns out, and to our own surprise, restricting the
well known boundary conditions stemming from the strain gradient models to the particular
case of the indeterminate couple stress model, does not reduce to the Grioli-Koiter-Mindlin-
Toupin set of accepted boundary conditions. We present therefore, a proof of the fact that when
specfic "mixed" kinematical and traction boundary conditions are assigned on the boundary,
no "a priori" equivalence can be establisched between Mindlin’s and our approach.
737

10.03.2016 18:00 Simon R. Eugster Altgebäude (Pockelsstrasse), Raum PK4.7
An Alternative Perspective on the Concept of Stress in Classical ContinuumMechanics
Simon R. Eugster (Universität Stuttgart), Christoph Glocker ()
To date there are essentially two different ways to postulate the foundations of continuum me-
chanics. The first method, conceived by Cauchy, starts with forces and moments as primitive
quantities. A body is then supposed to be in dynamic equilibrium if balance of linear and
angular momentum are fulfilled for the body and all its subbodies. Restricting the interac-
tion between subbodies to contact forces only, the celebrated tetrahedron theorem shows the
linearity of the contact forces in the normal to the respective contact surface. Thereby the
existence of a stress tensor field is proved. The second method, which traces back to Lagrange
and Piola, is of variational nature and defines forces in a generalized sense as dual quantities
to the virtual displacement field and the gradient thereof. The equilibrium condition is given
by the principle of virtual work which demands the virtual work of all forces acting on the
body to vanish for all virtual displacements. Since all forces, inertia forces, internal and ex-
ternal forces contribute to the virtual work, an a priori notion of the internal virtual work, and
consequently of the stress tensor, is required. Conversely to the method of Cauchy, the force
interaction between subbodies can be derived using a divergence theorem.
In this paper we show a way to resolve the problem of an a priori notion of the stress tensor
within a variational formulation of continuum mechanics. We start from the conception of
the volume integral, appearing in the virtual work, as being a dissection of the body into
volume elements followed by a limit process with a refinement of the elements. In this context
we define stress as internal forces of the body which model the force interaction between
neighboring infinitesimal volume elements. Within the limit process, the summation of all
force interactions between the volume elements of the body leads to the appearance of the
stress tensor in the internal virtual work contribution. The variational law of interaction, which
demands the internal virtual work to vanish for all rigid virtual displacements, implies the
symmetry of the stress tensor. With this alternative perspective on the concept of stress it
is possible to formulate mechanics completely within a variational framework, in which the
principle of virtual work and the variational law of interaction emerge as fundamental axioms
of mechanics.
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10.03.2016 18:20 David Uribe-Gallo Altgebäude (Pockelsstrasse), Raum PK4.7
Digital Rock Physics: A case study of carbonate rocks
David Uribe-Gallo (Universität Stuttgart), Erik Saenger (), Holger Steeb ()
Digital Rock physics is the use of image based methods to determine the material properties
of rocks. It is possible to find several of these methods in the literature. There are types of
rock samples that provide specific challenges, and therefore required a tailor made workflow
to characterize them.Carbonate rocks present a mismatch in the results compared to labora-
tory experiments. The elastic parameters, like the P-wave modulus and S-wave modulus are
overestimated when compared to passthrough laboratory experiments. We describe the pos-
sible causes of this mismatch and a new approach to fit numerical simulations to laboratory
data. Furthermore, the workflow proposed to characterize carbonate rocks has been applied to
different digitized samples from different sources, and all have been correctly characterized
with our approach.
741

10.03.2016 18:40 Franziska Wöhler Altgebäude (Pockelsstrasse), Raum PK4.7
Extended balance equations from higher gradient stress field theory
Ingo Münch (Karlsruhe Institute of Technology), Franziska Wöhler (Karlsruhe Institute of
Technology)
In classical continuum mechanics, the balance of linear momentum and the balance of angular
momentum are derived on infinitesimal level considering the total stress as linear approxima-
tion of a spatial Taylor series expansion. This can be extended by considering higher gradients
of the stress field. E.g. quadratic terms of the stress function yield physical properties, which
may be associated with polarity and couple stress. This gives some extensions to the balance
of angular momentum. Further, gradients of third order yield extensions to the balance of
linear momentum.
In the framework of isotropic linear elasticity, some analytical examples on beams and plates
can be extended by the above method. In our calculations it is interesting to see, how the
higher gradient stress field theory allows for additional material parameters, which are well
known from variational approaches.
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10.03.2016 19:00 Thomas Hochrainer Altgebäude (Pockelsstrasse), Raum PK4.7
Thermodynamically Consistent Continuum Cislocation Dynamics
Thomas Hochrainer (Universität Bremen), Alireza Ebrahimi (Universität Bremen)
Dislocation based modeling of plasticity is one of the central challenges at the crossover of
materials science and continuum mechanics. Developing a continuum theory of dislocations
requires the solution of two long standing problems: (i) to represent dislocation kinematics
in terms of a reasonable number of variables and (ii) to derive averaged descriptions of the
dislocation dynamics (i.e. material laws) in terms of these variables. The kinematic problem
(i) was recently solved through the introduction of continuum dislocation dynamics (CDD),
which provides kinematically consistent evolution equations of dislocation alignment tensors,
presuming a given average dislocation velocity (Hochrainer (2015), Philos. Mag. 95 (12),
1321–1367). In the current contribution we demonstrate how a free energy formulation may
be used to solve the dynamic closure problem (ii) in CDD. We do so exemplarily for the lowest
order CDD variant for curved dislocations in a single slip situation. In this case, a thermody-
namically consistent average dislocation velocity is found to comprise five mesoscopic shear
stress contributions. For a postulated free energy expression we identify among these stress
contributions a back-stress term and a line-tension term, both of which have already been
postulated for CDD. A new stress contribution occurs which is missing in earlier CDD mod-
els including the statistical continuum theory of straight parallel edge dislocations (Groma et
al. (2015), Acta Mater. 51, 1271-1281). Furthermore, two entirely new stress contributions
arise from the curvature of dislocations. Results obtained from employing the resulting crys-
tal plasticity theory as materials subroutine in Abaqus are presented and compared to discrete
dislocation simulations of micro-bending.
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11.03.2016 08:30 Rodica Ioan Altgebäude (Pockelsstrasse), Raum PK4.3
On intrinsic time measure concept with application to the modeling of smart materials
Rodica Ioan (Institute of Solid Mechanics, Romanian Academy, University Spiru Haret from
Bucharest), Stefan Ioan (SC Delta A.C.M. 93, SRL, Bucharest, Romania)
In this paper, the cyclic behavior of a Nitinol cubic block is described by using the Bouc-
Wen model [1] coupled to the intrinsic time measure, other than the clock time which governs
the behavior of the materials [2]. The modified Bouc-Wen model consists from the classi-
cal Bouc-Wen model coupled to the intrinsic time measure, other than the clock time which
governs the behaviour of the materials. As a consequence, the thermodynamic admissibility
of the Bouc–Wen model is provided by the endochronic theory of plasticity. The role of the
intrinsic time measure is described by capturing the stiffness and strength degradation and
the opposite phenomena. To capture the stiffness and strength degradation and the opposite
phenomena, the equivalent Cauchy stress versus equivalent Lagrangian strain response under
loadings/unloading cycles are computed. The superelastic effect assures not only the stopping
of the incipient degradation in stiffness and strength, respectively, but the recovery of large
deformations in loading/unloading cycles. A peculiar aspect is observed in behaviour of the
material. The Nitinol cubic block is not remembering the early degradation in stiffness and
strength, respectively, and still behaves in a unique manner with a significant growth in both,
stiffness and strength
[1] Sireteanu, T., Giuclea, M., Mitu, A.M., Identification of an extended Bouc-Wen model
with application to seismic protection through hysteretic devices, Comput. Mech. 45, 431-
441, 2010. [2] Chiroiu, V., Ionescu, M.F., Sireteanu, T., Ioan, R., Munteanu, L., On intrinsic
time measure in the modeling of cyclic behavior of a Nitinol cubic block, Smart Materials and
Structures, 24(3), 035022 1-11, 2015.
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11.03.2016 08:50 Kristin M. de Payrebrune Altgebäude (Pockelsstrasse), Raum PK4.3
On experimental validation of models for soft robot arms
Kristin M. de Payrebrune (University of California at Berkeley), Oliver M. O’Reilly (Univer-
sity of California at Berkeley)
The recent interest in soft robotics has led to many new designs and a substantial amount
of prototype testing. Paralleling the design and testing, modeling efforts featuring rod-based
models, but also finite element models can be found in the literature. While the development
of models is desirable from a variety of perspectives, these efforts are still in a state of infancy.
The goal of our research program is to help mature the field of model development for soft
robots. To this end, we have developed capabilities for the material testing of the soft robot
arm and measurement techniques to determine the deformed state of the arm.
In the work presented in this talk, we discuss quasi-static and cyclic tensile tests that we used
to establish parameters for Neo-Hookian, Mooney-Rivlin and Yeoh constitutive models for
the material that composes the soft robot arm. We then use these parameters with finite ele-
ment models and compare the predictions to optical measurements of a pneumatically actuated
deformed soft robot arm.
One of our ultimate goals is to develop designs for soft robot arms which can be faithfully cap-
tured using simple rod-theory based models. Such models are far more tractable and amenable
to analysis than their finite element counterparts - however the moment curvature M−κ rela-
tions for the soft robot arm that we find from experimental results are far removed from the
classical linear relationship M = EIκ . After validating the finite element model and compar-
ing its predictions to those of a rod-based model, we then examine the iterative process of
seeking, proposing and analyzing designs for pneumatically actuated soft robot arms that can
be effectively modeled using rod-theories.
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11.03.2016 09:10 Michael Koster Altgebäude (Pockelsstrasse), Raum PK4.3
Formation of Grains and Dislocation Structure of Geometrically Necessary Boundaries
Michael Koster (Ruhr-Universität Bochum), Khanh Chau Le (Ruhr-Universität Bochum)
Simple shear deformation, realized using equal-channel angular pressing (ECAP) is known to
trigger grain and sub-grain boundary formation in metals [4, 6]. A model for the formation
of grain boundaries and shear bands in single crystals having a single active slip system for
the case of plane strain simple shear is proposed. To describe plastic effects in crystals the
framework of nonlinear continuum dislocation theory (CDT) [5] is used. The variational prin-
ciple of minimum of the energy is applied to a crystal containing a surface of discontinuity to
get all relevant equilibrium and jump conditions [2]. The proposed energy density function of
the material exhibits non-convex behavior allowing for the construction of a lamellar structure
mixing two energy states [1] with laminate layers having deformation properties related to
these states. Sharp interfaces between laminate layers are interpreted as grain boundaries. It
can be found that in a certain range of orientations of the slip system non-convexity of the
energy is present, where it turns out that elastic deformations are pure rotations of the crystal
lattice.
According to [3] there exist geometrically necessary boundaries having a small but finite-
sized thickness, where dislocations accumulate. Thus, an enhanced laminate formulation is
suggested assuming a transition zone between the laminate layers defined before. Introducing
the gradient of plastic slip in the energy of the crystal’s dislocation network minimization of
the proposed energy functional yields displacement and plastic slip in the class of continuously
differentiable functions connecting states of deformation in adjacent laminate layers smoothly.
In addition to that the grain boundary is characterized in terms of its height and energy density
giving further insight into the dislocation structure of geometrically necessary boundaries in
single crystals.
References
[1] C. Carstensen, K. Hackl, A. Mielke, Proc. R. Soc. London, Ser. A, 458, 299–317 (2002).
[2] M. Koster, K.C. Le, B.D. Nguyen, Int. J. Plast., 69, 134–151 (2015).
[3] D. Kuhlmann-Wilsdorf, N. Hansen, Scripta Metall. Mater., 25, 1557–1562 (1991).
[4] T.G. Langdon, Mater. Sci. Eng. A, 462, 3–11 (2007).
[5] K.C. Le, C. Günther, Int. J. Plast., 53, 164–178 (2014).
[6] V.M. Segal, Mater. Sci. Eng. A, 197, 157–164 (1995).
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11.03.2016 08:30 Ligia Munteanu Altgebäude (Pockelsstrasse), Raum PK4.7
On the non-periodic multilayer films
Ligia Munteanu (Institute of Solid Mechanics, Romanian Academy)
In this paper, a non-periodic multiplayer film is analyzed in order to show that, despite of
its non-periodicity the film behaves like a sonic composite with full band-gaps and localised
modes around interfaces. The film is consisted of alternating layers of material with different
mechanical properties, following a triadic Cantor sequence. The Cantor structure is charac-
terised by extremely low thresholds for subharmonic generation of ultrasonic waves, as com-
pared to the corresponding homogeneous and periodical ones [1, 2]. An anharmonic coupling
between the extended-mode (phonon) and the localized-mode (fracton) vibration regimes ex-
plained this phenomenon. The large enhancement of non-linear interaction results from the
more favorable frequency and spatial matching of coupled modes [3]. The full band-gaps
generation is analysed for different number of Cantor elements.
[1] Alippi, A., Craciun, F., Molinari, E., Stopband edges in the dispersion curves of Lamb
waves propagating in piezoelectric periodical structures, Appl. Phys. Lett. 53 (19), 1988.
[2] L. Munteanu, C. Bris¸an, Modeling of imperfect contact interfaces in sonic composites,
PAMM- Proceedings in Applied Mathematics and Mechanics, vol. 15, issue 1, 337-338,
ISSN:1617-7061, work presented to 86th Annual Meeting of GAMM hosted by Università
del Salento March 23-27, 2015. [3] L. Munteanu, V. Chiroiu, T. Sireteanu, D. Dumitriu, A
multilayer sonic film, Journal of Applied Physics, 118, 165302, 2015.
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11.03.2016 08:50 Ruxandra Ilie Altgebäude (Pockelsstrasse), Raum PK4.7
On the composites consisting of randomly distributed fibers
Ruxandra Ilie (Institute of Solid Mechanics of Romanian Academy, Dept. of Deformable
Media and Ultrasonics)
The article explores the structure, properties, processing, and applications of natural fibre
reinforcements, including those made of stalk-based fiber of maize and unsaturated polyester
resin polymer as matrix with methyl ethyl ketone peroxide as a catalyst and Cobalt Octoate
as a promoter [1]. The results highlight and interpret the testing and properties of natural
fibre composites including, non-destructive and high strain rate testing. The potential of this
material for noise enclosures is investigated by using a coupled method cnoidal – Extended
Finite Element Method (XFEM). XFEM enables the accurate approximation of solutions with
jumps, discontinuities or general high gradients across interfaces [2, 3]. The dissipation of
the sound power into a plate/cavity system shows the efficiency of this composite to achieve
noise reduction better to that obtained at low and higher frequencies with traditional foams.
The interesting features of the natural fiber composite combine both sound absorption and
enhanced insulation.
[1] K.W.Cheng, T.P.Fries. Higher-order XFEM for curved strong and weak discontinuities.
Internat. J. Numer. Methods Engrg., 82 (2010), 564-590. [2] R. Ilie, Composites consisting of
randomly distributed fibers. Theory and experiment, PhD thesis, Institute of Solid Mechanics,
Romanian Academy, 2015 [3] R. Ilie, V. Chiroiu, On the natural fiber (maize) composite
material, PAMM- Proceedings in Applied Mathematics and Mechanics, vol. 15, iss.1, 303-
304, work presented to 86th Annual Meeting of GAMM hosted by Università del Salento
March 23-27, 2015.
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11.03.2016 09:10 Valerica Mosnegutu Altgebäude (Pockelsstrasse), Raum PK4.7
Localized modes at defects in sonic composites
Valerica Mosnegutu (Institute of Solid Mechanics, Romanian Academy)
The paper discusses a sonic composite with linear defects. Such structures allow localization
of modes in the vicinity of the line defect with propagation along this line [1]. The material
in the vicinity of the line behaves like frequency-specific mirrors. The waves are trapped in
a virtual set of mirrors parallel to the defect line, and the propagation bounce back and forth
between these mirrors. The mirrors localize waves within a finite region of the line defect, and
modes are quantized into discrete frequencies. If a mode has a frequency in the gaps, then it
must exponentially decay inside the material. In a similar fashion, if the materials have point
defects, the waves can be localized at the surface in which these point defects are locatedntial
growth [2]. [1] Chiroiu, V., Bris¸an, C., Popescu, M.A., Girip, I., Munteanu, L., On the sonic
composites without/with defects, Journal of Applied Physics, vol. 114 (16), pp. 164909-1-10,
2013. [2] V. Mosnegutu, St. Donescu, On the sonic composites with scatterers made from
auxetic material, PAMM- Proceedings in Applied Mathematics and Mechanics, vol. 15, iss.1,
335-336, work presented to 86th Annual Meeting of GAMM hosted by Università del Salento
March 23-27, 2015.
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08.03.2016 08:50 Florian Beck Altgebäude (Schleinitzstrasse), Raum SN19.1
Modeling Abrasive Wear Caused by Small Solid Particles of Different Sizes
Florian Beck (University of Stuttgart), Peter Eberhard (University of Stuttgart)
Abrasive wear is one of the mechanisms which cause the decrease of efficiency of hydraulic
machines. The working fluid of a hydraulic machine, e.g., a turbine of a hydroelectric power
plant, transports small solid particles of different sizes. Those small particles damage the
surface of the hydraulic machine when contacting. In contrast to classical approaches in fluid
dynamics, here, we present an approach where only mesh-free methods are applied.
The Smoothed Particle Hydrodynamics (SPH) method is used for modeling the fluid in this
study. The SPH method is a mesh-free method which has its advantages in describing transient
fluid flows with free surfaces and large motions. The loading of the fluid consists of small
solid particles of different sizes. A coupled approach for describing the loading is used. For
the larger abrasive particles the Discrete Element Method and for smaller ones a transport
equation is utilized. In doing so it is possible to model a loading of the fluid consisting of small
particles of different sizes. The abrasive wear is described with an abrasive wear model. The
wear model takes into account different parameters like the size, the velocity of the abrasive
particles and of course material parameters of both the target and the particles. On impact of
an abrasive particle the amount of removed material is stored at the boundary and in doing so
the removed material over time is identified.
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08.03.2016 09:10 Nadine Falkner Altgebäude (Schleinitzstrasse), Raum SN19.1
Impact of Heterogeneous Distributed Solid Particles in the Transition Zone between
Porous and Free Flow Domain
Nadine Falkner (University of Stuttgart), Holger Steeb (University of Stuttgart)
Free fluid flow adjacent to a permeable porous layer is a well known and often discussed
transport problem. One application in this context is sediment erosion and deposition of solid
particles. Therefore different approaches to model the evaluation of sediment transport and
appropriate initiation of motion of solid particles exist. Representing one- and two-domain
formulations, these approaches present total and partial domain approximations for the bed
shear stresses or the corresponding shear velocity at the interfacial transition zone that sepa-
rates a free Stokes-flow domain and a porous Darcy-flow domain. Based on these approxima-
tions the models define critical states for which sediment transport or even motion of single
solid particles is initiated [1]. These macroscopic approaches present approximated values for
critical shear stresses or critical shear velocities, most commonly only based on the occurring
flow velocities. However, as indicated, for that these approaches do not take the microstructure
heterogeneity in the transition zone into account. To overcome this limitation we present pore-
scale resolved direct numerical simulations (DNS) to analyze the velocities and shear stresses
as well as drag and lift forces on solid particles in the transition zone. We use a weakly com-
pressible Smoothed Particle Hydrodynamics (SPH) scheme [2, 3] to simulate single-phase
fluid flow.
SPH as particle method of Lagrangian character presents a good choice to model this particu-
lar non-linear problem. We implement a two dimensional initial boundary value problem with
a heterogeneous microstructure with nearly closest packing of solid grains at the lower part
of the domain and a free flow region of the same size on the upper part of the domain where
finally parallel flow driven by volumetric forces is applied.
Our simulations allow a comparison between the effective velocity and shear stress profiles
and the previous presented analytical models to critically assess their validity [4]. Moreover
we evaluate the occurring drag and lift forces and thus the influence of the heterogeneity of
the interface by introducing different microstructures with varying heterogeneities on the in-
terface for an effective analysis of distinctive parameters for the initiation of motion of single
solid particles.
References
[1] A. Shields. Anwendung der Ähnlichkeitsmechanik und der Turbulenzforschung auf die
Geschiebebewegung. Mit Preus Ver Was, 1936.
[2] J. P. Morris and P. J. Fox. Modeling Low Reynolds Number Incompressible Flows Using
SPH. J Comput Phys, 136: 214–226, 1997.
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08.03.2016 17:00 Joachim Bluhm Altgebäude (Schleinitzstrasse), Raum SN19.1
Modeling of Extrinsic and Autonomous Self-Healing Phenomena within the Framework
of the Theory of Porous Media
Joachim Bluhm (University of Duisburg-Essen), Steffen Specht (University of Duisburg-
Essen), Jörg Schröder (University of Duisburg-Essen)
Polymers and polymeric composites are used in a wide range of technical applications, e.g.
for wind turbine blades or aerospace applications.
But failures, which often results from the propagation of microdamages inside the structure
(for example due to delamination in fiber reinforced composites), are hard to detect and to
repair. In many cases the only way is to replace the damaged part, but this can be very difficult
and costly for example in aerospace applications. Self-healing materials like e.g. microcap-
sule based self-healing polymers, have the ability to repair autonomously microdamages, see
[1]. This leads to an extension of lifetime and lowers the maintenance costs. If a crack breaks
through such a microcapsule, which is filled with liquid healing agents (monomer), the liquid
flows into the crack due to capillary action and close the crack. After contact between the
healing agents and the dispersed catalysts the monomer starts to polymerize and the crack is
healed.
Such a self-healing material can be modeled as a multiphase material consisting of the solid
matrix material with dispersed catalysts, the liquid healing agents, the solid like healed ma-
terial and the air inside the crack. For the description of this multiphase system, the Theory
of Porous Media (TPM) will be used, cf. [2, 3]. Within this theory, interactions inside the
structure can be described, e.g. interactions between the liquid and the gas phase or the phase
transition from liquid like healing agents to solid like healed material. In order to consider
damage,a continuum damage mechanics model will be used and the healing mechanism is
described by an evolution equation for the total production term of the healed material phase,
cf. [4].
At the end, the results of different micro- and macroscopic boundary value problems will be
shown in order to demonstrate the applicability of the developed model.
[1] S. R. White, N. R. Sottos, P. H. Geubelle, J. S. Moore, M. R. Kessler, S. R. Sriram,
E. N. Brown, and S. Viswanathan. Autonomic healing of polymer composites. Nature,
409:794–797, 2001.
[2] R. de Boer. Theory of porous media. Springer, 2000.
[3] W. Ehlers and J. Bluhm, editors. Porous media. Springer, 2002.
[4] S. Specht, J. Bluhm, and J. Schröder. Continuum mechanical description of an extrinsic
and autonomous self-healing material based on the theory of porous media. Advances of
Polymer Science, doi: 10.1007/12_2015_338, 2015.
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08.03.2016 17:40 Steffen Mauthe Altgebäude (Schleinitzstrasse), Raum SN19.1
Variational Modeling and Stable FE Implementation of Hydro-Poro-Elasticity at Large
Strains
Steffen Mauthe (University of Stuttgart), Stephan Teichtmeister (University of Stuttgart),
Christian Miehe (University of Stuttgart)
This work develops new minimization and saddle point principles for the coupled problem of
Darcy-Biot-type fluid transport in porous media. We show that the quasi-static problem of
elastically deforming, fluid-saturated porous media is related to a minimization principle for
the evolution problem, see [1]. This two-field principle determines the rate of deformation
and the fluid mass flux vector. It provides a canonically compact model structure, where the
stress equilibrium and the inverse Darcy’s law appear as the Euler equations of a variational
statement. A Legendre transformation of the dissipation potential relates the minimization
principle to a characteristic three field saddle point principle, whose Euler equations determine
the evolutions of deformation and fluid content as well as Darcy’s law.
The existence of these variational principles underlines inherent symmetries of Darcy-Biot
theories of porous media. This can be exploited in the numerical implementation by the con-
struction of time- and space-discrete variational principles, which fully determine the update
problems of typical time stepping schemes. Here, the proposed minimization principle for
the coupled problem is advantageous with regard to a new unconstrained stable finite element
design, while space discretizations of the saddle point principles are constrained by the LBB
condition. The model capabilities and the performance of the minimization formulation is
shown by means of representative numerical examples in two and three dimensions.
Recent Publication
[1] C. Miehe, S. Mauthe and S. Teichtmeister. Minimization Principles for the Coupled Prob-
lem of Darcy-Biot-Type Fluid Transport in Porous Media Linked to Phase Field Modeling of
Fracture. Journal of the Mechanics and Physics of Solids 82 (2015), 186–217.
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08.03.2016 18:00 Maria Camila Osorno Tejada Altgebäude (Schleinitzstrasse), Raum
SN19.1
Smoothed Particle Hydrodynamics modelling of poroelastic media
Maria Camila Osorno Tejada (Universitaet Stuttgart), Holger Steeb (Universität Stuttgart)
The study of fracture mechanics in poroelastic media is of high relevance in the analysis of
hydraulic fracturing and crack evolving.
Smoothed Particle Hydrodynamics (SPH) is a meshless Lagrangian method where the domain
is discretized with particles. For poroelastic media, each particle represents a mass portion of
the mixture. This meshfree method presents advantages in the simulation of large deforma-
tions, avoiding the need of computationally expensive pre-processing such as remeshing. Our
SPH solution is implemented in a parallel computational framework, which allows to simulate
large domains more representative of the scale of our study cases.
We solve the balance of mass and momentum for the poroelastic medium. In our investi-
gations, we assume material incompressible solid grains and an incompressible pore liquid.
Additionally, we investigate biphasic media with a large effective density ratio of the fluid and
the solid phase, therefore is not necessary to solve the balance of mass of the fluid phase. In a
first step we employ a linear elastic constitutive equation.
Our implementation is validated with a classical consolidation problem and the simulated
process is compared with Terzaghi’s analytical solution. Future work includes simulation of
fractures initiation and propagation in the porous media at reservoir scale.
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08.03.2016 18:20 Marco Schauer Altgebäude (Schleinitzstrasse), Raum SN19.1
Advanced finite element method for free surface flow with application to landslides
Marco Schauer (Institut für Statik der TU Braunschweig), Sven Reinstädler (Institut für Statik
der TU Braunschweig), Dieter Dinkler (Institut für Statik der TU Braunschweig)
An advanced space-time finite element method is presented to investigate movements of land-
slides and their interaction with flexible structures. The mechanics of liquefied soil is de-
scribed by Navier-Stokes-equations for visco-plastic non-newtonian fluid. Likewise the fluid
the kinematics of the structure is described by velocities, taking large rotations into account.
This leads to a monolithic fluid-structure interaction approach considering the multi-field
problem as a whole. The discretized model equations are assembled in a single set of alge-
braic equations, which are solved by applying Newton-Raphson scheme. Free surface motion
of landslide is described by the level-set method. To reduce computational effort the frag-
mented finite element method (FFEM) is used. Thus only active finite elements are evaluated.
A pde-based extrapolation of the velocity-field is used to ensure an accurate transport of dis-
tance function, which defines the profile in space and time of free surfaces implicitly.
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08.03.2016 18:40 Tom Lahmer Altgebäude (Schleinitzstrasse), Raum SN19.1
On the Optimality of Harmonic Input Signals for the Identification of Parameters in
Coupled Problems - Applications to Piezoelectricity and Poroelasticity
Tom Lahmer (Bauhaus Universtität Weimar), Ewaryst Rafajlowicz (Wroclaw University of
Technology)
In many systems, there are couplings of two or even more physical quantities which are in-
fluencing each other. For instance, in mechatronical systems different types of sensors and
actuators are developed to convert signals from one physical field into signals of another phys-
ical field. Examples are piezo-electrically driven actuators for ultrasound generation, electro-
magnetic transducers, micro-electro-mechanical devices and so on. Also in other engineering
disciplines we find such coupled problems, e.g., thermal-hydro-mechanically coupled sys-
tems which dominate the behavior of structures likes dams or dikes. Mostly, the effects are
described by coupled systems of instationary partial differential equations. Depending on the
dimension, but also on the material properties (isotropic or anisotropic) a series of material
specific parameters needs to be known in order to make reliable predictions. This leads to
inverse problems which are often ill-posed. The determination of the material parameters is
the content of many works, where generally discrepancies between measured and simulated
signals are systematically reduced by applying techniques of nonlinear optimization or regu-
larizing methods. In many experimental setups, time-harmonic loads are applied to excite the
structures and to measure responses in dependency of the current excitation frequency. A set
of responses might then be used as input for parameter identification activities in frequency
domain.
The paper at hand addresses the issue of determining the optimal number of such excitation
frequencies for an estimation of the parameters in coupled problems and discusses the appli-
cability of the existing theory to two examples, one coming from piezoelectricity, the other
from poroelasticy.
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09.03.2016 08:30 Peter Stein Altgebäude (Schleinitzstrasse), Raum SN19.1
Surface tension and its impact on stress-enhanced diffusion in Li-ion battery electrode
nanoparticles
Peter Stein (Technische Universität Darmstadt), Bai-Xiang Xu (Technische Universität
Darmstadt)
Lithium-ion batteries, the primary power source for mobile devices such as cellphones and
tablet computers, suffer from a gradual capacity fade over their lifetime. This hinders a wider
application in hybrid electric vehicles or for the storage of intermittent renewable energy. The
degradation is the result of two processes taking place in the batteries’. One of these is the
electrochemical corrosion of the electrodes and the formation of a passivating solid-electrolyte
interphase (SEI). The other process is the mechanical damage of the electrode structures. The
cyclic insertion and extraction of Li ions results in high stresses in the active material, caus-
ing delamination and fracture of the electrode particles. Experimental evidence suggests that
nanostructured electrodes exhibit a higher resilience against diffusion-induced stresses and
mechanical degradation. Accordingly, huge efforts are put into the synthesis of and the de-
scription of the intercalation processes in these electrode structures.The chemo-mechanical
interaction can be described by a coupled chemo-mechanical model, where the gradient of the
hydrostatic stress field acts as an additional driving force for bulk diffusion. This enhanced
diffusion induces stress relaxation effects together with lower overall stress levels in the elec-
trode [1]. In order to capture the chemo-mechanical behavior of nanostructured electrode
particles, we extended this model by surface-elastic effects [2], which have been shown to
allow for a faithful representation of nanoscale materials using continuum models [3]. In this
talk, we describe the mathematical model for stress-driven diffusion subject to surface tension.
We further discuss the influence of particle size, charge rates, material parameters, and shape
parameters on the stress levels in a single, free-standing electrode particle.
References
[1] P. Stein and B. Xu. 3D Isogeometric Analysis of intercalation-induced stresses in Li-ion
battery electrode particles. Comput. Methods Appl. Mech. Engrg. 268 (2014), 225–244.
[2] M. E. Gurtin and A. I. Murdoch. A continuum theory for elastic material surfaces. Arch.
Rat. Mech. Anal. 57 (1975), 291–323.
[3] Dietmar Gross, Ralf Müller, Michael Müller, Bai-Xiang Xu, Karsten Albe. On the origin
of inhomogeneous stress and strain distributions in single-crystalline metallic nanoparti-
cles. Int. J. Mater. Res. 102(6) (2011), 743–747.
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09.03.2016 08:50 Stefan Haas Altgebäude (Schleinitzstrasse), Raum SN19.1
Magneto-Structural analysis of rotating electrical machines
Stefan Haas (Graz University of Technology), Mathias Mair (Graz University of Technology),
Katrin Ellermann (Graz University of Technology)
The vibrations of the stator core of a rotating electrical machine induce acoustic noise. These
oscillations of the stator yoke are excited of the force density due to the magnetic field in the
air gap. This requires a transient magnetic field analysis coupled with a dynamic mechani-
cal analysis. Coupling these two different physical fields results in a high numerical effort
and usually one direction of the interaction is disregarded.This paper presents a method to
calculate the vibrations of a stator core under design operating conditions. For this purpose,
harmonic electromagnetic excitation forces have been calculated in a linear magnetic field
analyses using the finite element method. The resulting forces have been applied to a linear
structural dynamic FE model in the frequency domain. The results of the calculations are
harmonic velocities specified by amplitude and phase from the structural surface of the stator
core.
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09.03.2016 09:10 Marius Wingen Altgebäude (Schleinitzstrasse), Raum SN19.1
Interaction of temperature changes and nonlinear electromechanical fields in ferro-
electrics
Marius Wingen (University of Kassel), Andreas Ricoeur (University of Kassel)
Due to their special electromechanical properties, nowadays ferroelectric materials are widely
used in many technical applications, mostly as actuators or sensors. Advantages compared
to other smart devices are their extremely fast reaction times in a range of µs−ms and large
actuation forces.In the past, temperature changes inside the material were rather disturbing
during the investigation and usage of these materials and were mostly neglected in numerical
models, although they may have a non-negligible impact on issues like phase transitions, do-
main wall motion or reliability and lifetime. Nowadays one has come to the view, that there is
an enormous number of new applications by controlling and exploiting the additional features
obtained from thermomechanical and electrocaloric effects [1].
In this paper, the theoretical background and a Finite Element (FE) implementation of a mi-
cromechanically and physically based constitutive model is presented. The model considers
the mutual nonlinear coupling of thermal and electromechanical fields. Numerical calcula-
tions show the effects of temperature on the electromechanical field quantities and vice versa.
They also reveal switching processes in ferroelectrics and associated heating or cooling.
References
[1] S. Fähler, U. Rößler, O. Kastner, J. Eckert, G. Eggeler, H. Emmerich, P. Entel, S. Müller,
E. Quandt, K. Albe. Caloric Effects in Ferroic Materials: New Concepts for Cooling. DOI:
10.1002/adem.201100178, Advanced Engineering Materials, 14, No. 1-2, 2012.
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09.03.2016 14:30 Seyed Morteza Seyedpour Altgebäude (Schleinitzstrasse), Raum
SN19.1
Modeling of contaminant migration between soil and Groundwater: A continuum me-
chanical approach using in The Theory of Porous Media
Seyed Morteza Seyedpour (TU Dortmund University), Tim Ricken (TU Dortmund University)
The contamination of groundwater by chemical productions is a widespread and persistent
problem which admits no easy analysis or solution. Agriculture, urbanization and industry are
some instances of human intervention that have irreversibly damaged the quality of ground-
water resources , see [1]. Posing this serious threat of pollution has raised concerns. Relative
to this matter, oil and metal remains as an important issue, cause the procedure of water purifi-
cation expensive and time consuming, hence the ever increasing emphasis on protection and
preservation of natural resources through regional planning became evident that is the most
efficient course of action against groundwater pollution , see [1].To protect from this pollution,
it is important to recognize that how contamination concentration in Groundwater will change,
therefore comprehensive approach to the modeling of a chemical contamination situation is
necessary.
This study makes it possible to describe the simultaneous transport of a chemical contaminant
in two phases beside enables one to determine concentrations in each phase as functions of
space and time in a porous medium. A two phasic model (solid, liquid) by one contamination
in each phase is proposed for the phenomenological description of contaminated site. The
theoretical formulations based on the Theory of Porous Media , see [2] are implemented in the
finite element code FEAP.
References
[1] Kazakis, N., et al. Groundwater vulnerability and pollution risk assessment of porous
aquifers to nitrate: Modifying the DRASTIC method using quantitative parame-
ters.Journal of Hydrology,525 (2015) 13–25.
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Modelling Grain Coarsening in the Framework of Rational Extended Thermodynamics
Lukas Kertsch (Fraunhofer-Institut für Werkstoffmechanik IWM), Dirk Helm ()
Grain growth and shrinkage at elevated temperatures is a significant phenomenon during the
processing of metals. Often, grain coarsening is described without thermodynamic consider-
ations. But since the grain boundary mobility is thermally activated and energy stored in the
grain boundaries is released during their motion, a thermodynamic framework is required to
capture the various effects of the process. For this purpose, the procedure of Rational Ex-
tended Thermodynamics is applied to derive a thermodynamically consistent model for grain
coarsening due to the growth and shrinkage of individual grains. Despite the different ap-
proach used, a grain growth model is obtained which is similar to existing ones and can be
regarded as a thermodynamic extension of that by Hillert (1965) to more general systems.
The model reproduces grain growth experiments in pure copper very accurately and predicts
the associated energy release. The present approach combining a microstructure description
and continuum mechanics can be further used to develop thermomechanical material models
considering the microstructure.
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Boundary integral equation method in the theory of elasticity for triple porosity mate-
rials
Merab Svanadze (Ilia State University)
In the past half century, the mathematical models of multi-porosity media, as originally devel-
oped for the mechanics of naturally fractured reservoirs, have found applications in many
branches of civil engineering, geotechnical engineering, technology and, in recent years,
biomechanics. The triple porosity model represents a new possibility for the study of im-
portant problems of engineering and mechanics. The intended applications of the theories of
elasticity and thermoelasticity for materials with a triple porosity structure are to geological
materials such as oil and gas reservoirs, rocks and soils, manufactured porous materials such
as ceramics and pressed powders, and biomaterials such as bone.This paper concerns with the
full coupled linear theory of elasticity for triple porosity materials. The system of the govern-
ing equations based on the equations of motion, conservation of fluid mass, the constitutive
equations and Darcy’s law for materials with triple porosity. The system of equations of mo-
tion is expressed in terms of the displacement vector field and the pressures in the three pore
systems [1].In this talk the 3D basic boundary value problems (BVPs) of steady vibrations of
the theory of elasticity for materials with triple porosity are investigated. The representations
of general solutions for the system of equations of steady vibrations and the Green’s formulas
in the considered theory are obtained. The Sommerfeld-Kupradze type radiation conditions
are established and the uniqueness theorems for solutions of the BVPs of steady vibrations are
proved. The basic properties of surface and volume potentials are established. On the basis of
boundary integral equations method and the theory of singular integral equations the existence
theorems for solutions of the BVPs of steady vibrations are proved.
Acknowledgments
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Spline-Enhanced Finite Element Methods for Coupled Fluid-Flow Problems
Stefanie Elgeti (RWTH Aachen University), Norbert Hosters (RWTH Aachen University), Jan
Helmig (RWTH Aachen University), Atanas Stavrev (RWTH Aachen University), Marek Behr
(RWTH Aachen University)
Fluid flow applications can involve a number of coupled problems. In this presentation, we
will consider two examples. One is the simulation of free-surface flows, which require the
solution of a free-boundary problem. Within this problem, the governing equations of fluid
flow are coupled with a domain deformation approach. These domain deformation approaches
can either fall into the category of interface capturing, such as level-set or volume-of-fluid
methods, or interface tracking, where, at least in portions of the mesh, a Lagrangian view point
is adopted and the mesh nodes are displaced with the fluid flow. Another coupled problem in
the area of fluid flow are fluid-structure-interaction (FSI) applications. In FSI, the domain
deformation is imposed externally.
In both cases, our solution approach is based on the Deforming-Spatial Domain/Stabilized
Space-Time (DSD/SST) finite element method in combination with a boundary conforming
interface tracking scheme. In DSD/SST, the variational form is written over the complete
space-time domain, thus easily incorporating deforming domains into the formulation. The
stabilization is performed using a Galerkin/Least-Squares technique.
In order to enhance the aspect of boundary conformation, the scheme employs Non-Uniform
Rational B-Splines (NURBS) as a support of the standard finite element representation of
(1) the geometry, (2) the flow solution, and, in the context of fluid-structure-interaction, (3)
the structural solution. Our methods cover both full isogeometric approaches [1] and the
NURBS-enhanced finite element method [2, 3]. The advantages of the discussed approaches
are demonstrated on two numerical examples of fluid flow, namely two-phase flow with drops
and sloshing tanks.
References
[1] T. J. R. Hughes, J. A. Cottrell,Y. Bazilevs. Isogeometric analysis: CAD, finite elements,
NURBS, exact geometry and mesh refinement. Computer Methods in Applied Mechanics
and Engineering 194 (2005), 4135–4195.
[2] A. Stavrev, P. Knechtges, S. Elgeti, and A. Huerta. Space-time NURBS-Enhanced Finite
Elements for Free-Surface Flows in 2D. International Journal for Numerical Methods in
Fluids (2015), DOI: 10.1002/fld.4189.
[3] R. Sevilla, S. Fernandez-Mendez, A. Huerta. NURBS-Enhanced Finite Element Method
(NEFEM): A Seamless Bridge Between CAD and FEM. Archives of Computational
Methods in Engineering 18 (2011), 441–484.
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3D Fluid-Structure Interaction Benchmark Experiment
Andreas Hessenthaler (University of Stuttgart), Nicholas Gaddum (King’s College London),
Ondrej Holub (King’s College London), Ralph Sinkus (King’s College London), Oliver
Röhrle (University of Stuttgart), David Nordsletten (King’s College London)
In the field of fluid-structure interaction (FSI), there exists a wide range of numerical meth-
ods and algorithms focusing on different aspects like fluid-structure coupling, discretization
of underlying meshes, numerical solution schemes, etc. Most of those enhancements have
been made to achieve more accurate results for particular applications. Often, they achieve
the desired improvements, however, only for that particular problem. Nowadays, numerical
tools are increasingly developed to assist clinical medicine to address biomedical engineering
problems. Within these frameworks, imaging techniques, such as magnetic resonance imaging
(MRI), computer tomography and ultrasound, are often used for data acquisition, for example,
to obtain input geometries and boundary conditions.
In order to understand the power, applicability to specific problems and possible limitations
of numerical FSI techniques, validation and benchmarking are essential. Researchers have
proposed both numerical and experimental FSI benchmark test cases in two and three dimen-
sions, e.g. [4, 6, 5, 2, 3], providing an invaluable testbed.
Within this presentation, we present a novel MRI-based FSI benchmark test. To suit biomed-
ical applications, the aim was to develop a benchmark exhibiting interaction between an
incompressible non-linear solid and a moderately viscous Newtonian fluid in a fully three-
dimensional setting [1]. Geometry definition was achieved using CAD tools and 3D printing.
Fluid density and viscosity were measured with a viscometer. Solid density was determined
using Archimedes’ method and uniaxial tensile load-displacement data obtained to character-
ize solid mechanical behavior. The benchmark itself consists of two test cases, resulting in a
steady-state and periodic steady-state with flow in the laminar regime. A 3T MRI scanner was
used for data acquisition to obtain a rich and comprehensive data set in a format that is used
in typical biomedical applications. Acquired time-resolved MRI data include inflow boundary
condition data as well as geometry and flow images.
Furthermore, numerical experiments are conducted. The results of these simulations are con-
sequently compared to the experimental data.
References
[1] N.R. Gaddum, O. Holub, A. Hessenthaler, R. Sinkus, and D. Nordsletten. Benchmark ex-
periment for validation of fluid-structure interaction algorithms. In Proceedings of the 4th
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Fluid-structure interaction of blood vessels in Circle of Willis
Aria Alimi (University of Kassel), Olaf Wünsch (University of Kassel)
Fluid-structure interaction (FSI) plays a very important role in many engineering systems in
fluid mechanics as well as solid mechanics. These problems describe either the behavior of a
system that consists of movable or deformable non-rigid bodies surrounded by fluid flow, or
an internal fluid, which flows through a pipe-like room with an deformable elastic wall. This
work involves simulation of blood flow in specific blood vessels in human brain using a fluid-
structure interaction solver developed in OpenFOAM. In this case, the brain tissue behaves as
an elastic wall [1]. On the other hand, the layer of the blood vessels, know as ”Brain Blood
Barriers”, can also be assumed as the second structure part. As the result, the problem would
involve two coupling fields. The first one between fluid and structure: blood and the blood
vessel layer, and the other one between two structure fields: Blood vessel layer and the brain
tissue.
The numerical simulations will be performed using geometrical dimensions of the main brain
arteries located at the center of Circle of Willis, where is more prone to brain aneurysm.
Regarding the fluid properties, the blood is assumed to behave as a Newtonian fluid. Using
the results of available experimental tests done on the brain blood flow, different inlet and
outlet boundary conditions would be applied and the results are compared with each other
[2][3][4]. Furthermore, the blood flow will be studied for the case of a vessel narrowness or
blockage.
References
[1] Y.C. Fung: Biomechanics: mechanical properties of living tissues. Springer-Verlag, New
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[3] M. Willemet, V. Lacroix, E. Marchandise: Inlet boundary conditions for blood flow sim-
ulations in truncated arterial networks. Journal of Biomechanics, Vol. 44 (2011) 897-903
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Micromechanics of Electro- and Magneto-active Soft Composites
Stephan Rudykh (Technion - Israel Institute of Technology)
In this work, we study the behavior of dielectric elastomer composites (DEC) and, mathe-
matically analogous, magnetoactive elastomers (MAE) undergoing finite deformations in the
presence of external electric or magnetic fields. We analyze the role of the microstructures
in the overall performance and stability of the soft active composites. More specifically, we
examine the coupled behavior of the active composites with (i) periodically and (ii) randomly
distributed activeparticles embedded in soft matrix [1, 2], as well as (iii) periodic laminate
composites and anisotropicallystructured composites with chain like structures [3]. We derive
analytical solutions and estimates for the coupled behavior of the active composites, and com-
pare these with finite element simulations of corresponding microstructures. These results
assist as in identifying the key parameters governing the electro- and magneto- mechanical
couplings. Moreover, we find advantageous microstructures that give rise to significant en-
hancement of the coupling and actuation of the active materials [1]. Furthermore, we show
that even very similar microstructures, such as periodic composites with hexagonal and rect-
angular representative volume elements (RVE), exhibit very different behavior both in terms
of actuation, and effective properties [2].Next, we investigate the crucial aspect of the active
composites’ behavior, namely, the coupled electro- and magneto-elastic instabilities in DEC
[4, 5, 6] and MAE [3]. These instabilities may occur at different wave lengths and may lead
to a catastrophic failure. However, they may be also exploited to achieve new functionalities
such as tunable band-gaps in elastic wave propagation [7, 8, 9, 10]. We explore the role of the
external electric and magneticfields, microstructure parameters, and consentient properties on
the onset of both microscopic and macroscopic instabilities. We present the multiscale insta-
bility analysis for a particular class of periodic microstructures, namely, multilayered active
composites. To determine the response of the multilayered structure to coupled loadings, an
analytical solution is derived for finitely deformed laminated in the presence of an external
field [4, 3, 6]. The determined from the exact solution local fields are used in the superim-
posed Bloch-Floquet analysis to predict the onset of microscopic instabilities [6]. The onset
of macroscopic instabilities is identified by analyzing the homogenized tensor of electro- or
magneto-elastic moduli [4, 3]. The results for global bifurcation modes agree with these of
the limit of long wavelengths in the microscopic instability analysis. Some particular results
will illustrate our findings.
References
[1] S. Rudykh, A. Lewinstein, G. Uner and G. deBotton. Analysis of Microstructural In-
duced Enhancementof Electromechanical Coupling in Soft Dielectrics. App. Phys. Lett.
102 (2013), 151905.
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A thermodynamical consistent model for modeling of ionic electroactive polymers
(EAPs) within the framework of the Theory of Porous Media
Serdar Serdas (University of Duisburg-Essen), Joachim Bluhm (University of Duisburg-
Essen), Jörg Schröder (University of Duisburg-Essen)
Ionic electroactive polymers are widely used in many engineering fields. These materials
can be stimulated to change their shape and size and can be applied for medical applications,
potential artificial organs, biomimetic robots or as artificial muscles, see [1]. The material un-
der consideration has a complex multiphasic microstructure. Such multiphasic materials with
an unknown microstructure can be described by a macroscopic continuum approach. Thus,
the presented model is based on the Theory of Porous Media (TPM), cf. de Boer [2,3]and
Ehlers [4]. The considered ionic EAP consists of the polymer solid matrix, the solvent, the
free charges, the anions and the cations. The application of a voltage difference causes a struc-
tural deformation. Responsible for this deformation are the mobile ions (cations), see [5,6].
Vice versa, an imposed mechanical deformation induces a redristribution of the mobile ions
which leads to a charge. The focus of the developed model is to capture the material behavior
of ionic EAPs. Furthermore, a numerical example is provided in order to represent the ability
of the model in view of the distribution of the concentration of the mobile cations and the
volume fractions of the solvent.
[1] Y. Bar-Cohen: Electroactive Polymer (EAP) Actuators as Artificial Muscles - Reality, Potential and
Challenges, 2nd Edition, ISBN 0-8194-5297-1, SPIE Press, Vol. PM136, pp.- 1-765
[2] R. de Boer: Theory of Porous Media, Springer-Verlag, Berlin 2000
[3] R. de Boer: Trends in continuum mechanics of porous media, Springer, Dodrecht, The Netherlands
2005
[4] W. Ehlers: Foundations of multiphasic and porous materials., In Ehlers, W. & Bluhm, J. (eds.),
porous Media: Theory, Experiments and Numerical Applications, Springer-Verlag, Berlin 2002, pp.
3-86.
[5] G. del Bufalo, L. Placidi & M. Porfori: A mixture theory famework for modeling the mechanical
actuation of ionic polymer metal composites., Smart. Mater. Struct., 17:045010, 2008.
[6] T. Wallmersperger, A. Horstmann, B. Kroplin & D.J. Leo: Thermodynamical Modeling of the Elec-
tromechanical Behavior of Ionic Polymer Metal Composites., Journal of Intelligent Material Systems
and Structures, 20:741–750, 2009.
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Influence of linear viscoelasticity and pre-load on the dynamic behavior of a dielectric
elastomer actuator
Dagmar Eder-Goy (TU Darmstadt), Bai-Xiang Xu ()
Dielectric elastomers are alternative materials for electro-mechanical devices of different scales,
due to their low density, large and arbitrary deformability, fast time response, high electric
breakdown strength and low production costs. The application as material for sensors, actors
or more complex structures as haptic display and robotic muscles is subject of current research
and engineering development.
Pre-stretching is commonly applied in practice, in order to improve the electro-mechanical
system stability and to lower the activating electric potential by reducing the thickness and
also to higher the dielectric breakdown-strength. Moreover, most of the eligible dielectric
elastomers show time dependent material behavior. As extension of the authors’ previous
work on hyperelastic static and dynamic analysis [1, 2], in this work the influence of an equib-
iaxial mechanical pre-load and linear, newtonian viscoelasticity on the dynamic behavior of
the electro-mechanical system of a sandwiched actuator structure of a dielectric elastomer
with compliant electrodes, is investigated.
First of all, the Euler-Lagrange’s equations of the second kind are used to derive the equations
of motion. The viscous damping effect of the elastomer is introduced by a Rayleigh dissipation
function. The potential energy of the system consists of four fractions: elastic-, viscoelastic-,
electrostatic energy and the external work done by the applied load. The hyperelastic behavior
of the elastomer is described with a Neo-Hookean model, the linear viscoelasticity is included
by a classic rheological representation of the Generalized Maxwell or Wichert model. The
equations of motion are solved numerically and applied to reveal the viscoelastic dynamic
behavior and the electro-mechanical stability. Both step-voltage and sinusoidal oscillating
voltage are considered. Particulary, the influence of pre-load will be demonstrated.
References
[1] Xu, Bai-Xiang and Mueller, Ralf and Klassen, Markus and Gross, Dietmar, On electrome-
chanical stability analysis of dielectric elastomer actuators, Appl.Phys. Letters (2010), 97
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Towards the Scale-Bridging of Magneto-Mechanically Coupled Material Response at
Large Deformations
Ashish Sridhar (University of Stuttgart), Marc-André Keip (University of Stuttgart), Christian
Miehe (University of Stuttgart)
Magneto-sensitive materials have received significant attention in the recent years, due to the
need for increased efficiency and adaptability. From Giant magnetostrictive materials such
as Terfenol-D, which are used as actuation devices, to magneto-rheological elastomers being
used as actuators and variable stiffness dampers, the applications of these materials are end-
less. However, their behavior is a complex phenomenon spanning multiple scales. In general
these materials show a characteristic material response on the macro-scale which stems from
complex domain wall motions occuring on lower length scales. The understanding of these
phenomena, is of paramount importance in understanding and hence predicting the behavior
of such materials.
We propose a large deformation variationally consistent micro-magnetic framework that de-
scribes these domain wall motions on the micro-scale. The magnetization phase field de-
scribes the evolution of the magnetic domain wall motions. The proposed rate-type saddle
point variational principle gives the celebrated Landau-Lifshitz-Gilbert equation for the tem-
poral evolution of the magnetization. A novel staggered solution scheme is used to satisfy the
unity constraint on the magnetization. This is achieved by employing an operator split ap-
proach in the incremental variational setting, which determines the updates given by typical
time stepping algorithms. The proposed variational principle serves as a holistic description
of a magneto-mechanical coupled response. Appropriate numerical examples are presented
that showcase the capability of the framework to determine the domain wall motion in ferro-
magnetic materials, and in turn determine the effect of particle shape and volume fraction in
the macroscopic behavior of MREs.
Recent Publications
[1] C. Miehe, G. Ethiraj, A Geometrically Consistent Incremental Variational Formulation For
Phase Field Models in Micromagnetics, Comput. Methods in Appl. Mech. Eng., 245–246,
331–347, (2012).
[2] G. Ethiraj, C. Miehe, Multiplicative Magneto-Elasticity of Magnetosensitive Polymers In-
corporating Micromechanically-Based Network Kernels, Int. J. Eng. Sci.,
doi:10.1016/j.ijengsci.2015.08.007, (2015).
[3] A. Sridhar, M.-A. Keip, C. Miehe, Homogenization in Micro-Magneto-Mechanics, Com-
put. Mech., accepted (2015).
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Continuum modelling of the swelling behaviour of concrete modified with superab-
sorbent polymers
Malte Sauerwein (Ruhr-Universität Bochum), Ralf Jänicke (Ruhr-Universität Bochum), Hol-
ger Steeb (Universität Stuttgart)
Superabsorbent polymers (SAP) have the ability to absorb many times more water or aque-
ous solution than their own weight. According to this, SAPs were first developed primarily
for hygiene products suchs as baby diapers where they are used as urine absorber. From a
chemical point of view, SAPs are crosslinked polyelectrolytes with a high concentration of
ions inside the particles. When SAPs come in contact with water the osmotic pressure dif-
ference or, in other words, the chemical potential difference causes a flow of water molecules
from the aequatic environment inside the SAP. Whilst the water molecules are penetrating
into the SAP particles the flexible polymer chains drifting apart so that in consequence one
can observe the swelling of a hydrogel on the macroscale. Besides the application of SAPs
in the hygiene industry, they are used recently as an additive in particular concrete mixtures.
Research efforts have been mainly focused on the control of the content of free water in the
mixture. To this end, SAP modified concrete is used in the field of mechanized tunneling
to guarantee a fast solidification of the annular gap between the tubbing and the surrounding
soil. This feature is important to prevent settlement on the surface above the tunnel.The main
purpose of our investigation is to model the physical solidification process of a concrete mix-
ture when water absorbing constituents, i.e. SAP particles, are involved. In order to model
the coupled swelling process we describe the system within the framework of the Theory of
Porous Media (TPM). We discuss general belance laws for the underlying multi-phase sys-
tem. The swelling process is accounted for by including mass exchange terms between water
and SAP particles. This permits to model the water absorption and, therefore, the change of
the amount of free water in the mixture properly. The chemo-mechanical driving forces are
based on non-equilibrium thermodynamics and motivated from appropriate micro-models of
the swelling process incorporating the saturation properties of the process.
[1] Bennethum, L.; Theory of flow and deformation of swelling porous materials at the
macroscale; Computers and Geotechnics 34 (2007), 267-278.
[2] Hassanizadeh, M and Gray, W.; General conservation equations for multi-phase sys-
tems: 3. Constitutive theory for porous media flow; Advances in Water Resources, 3
(1980), 25-50.
[3] Huyghe, J.M.; General theory of mixtures. Physical chemistry of mixtures and swelling;
ALERT Doctoral School 2015
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Simulation of Hydraulic Fracture of Porous Materials using the Phase-Field Modeling
Approach
Yousef Heider (RWTH Aachen University), Bernd Markert (RWTH Aachen University)
The problem of hydraulic fracture of fluid-saturated porous materials finds applications in
different fields of engineering, such as in geomechanics, in biomechanics and in mining and
petroleum. For instance, hydraulic fracking is applied to shale rocks in order to obtain shale
gas or to improve the permeability of oil reservoirs. In biomechanics, intervertebral disc
herniation due to a pressurized nucleus pulposus can be studied on the basis of hydraulic
fracture.
In general, hydraulic fracture in porous materials is caused by increasing of the pore pressure
to a critical limit, that leads to cracking of the solid matrix and affects permanently the type
of the fluid flow. In this work, the numerical simulation is carried out successfully on a con-
tinuum level using the macroscopic theory of porous media (TPM), extended by a phase-field
modeling (PFM) approach, see [1, 2, 3] for more details and references. Using this combined
approach, coupled behaviors like the crack nucleation and propagation, deformation of the
solid matrix and change of the interstitial-fluid flow type in the crack from Darcy to Stockes
flow can be realized. Moreover, permanent changes of the local physics due to occurrence of
the crack, such as of the volume fractions and the permeability, are considered. With regard to
the mathematical modeling, the proposed treatment assumes materially incompressible con-
stituents, a quasi-static behavior and neglects all thermal and chemical effects as well as any
mass productions between the fluid and the solid phases. This yields a strongly coupled sys-
tem of differential algebraic equations (DAE). Thus, special numerical schemes for a stable
and efficient solution are needed. To reveal the ability of the proposed model in simulating the
important features of hydraulic cracking, two-dimensional examples using the finite element
method are presented.
[1] Markert, B., Heider, Y.:Coupled Multi-Field Continuum Methods
for Porous Media Fracture, in: Recent Trends in Computational
Engineering - CE2014, Vol. 105 of Lecture Notes in Computa-
tional Science and Engineering. Springer International Publish-
ing, pp.167–180 (2015).
[2] Heider, Y., Markert, B.: A phase-field modeling approach of hy-
draulic fracture in saturated porous media, Res. Commun. SI:
Multiphysics and fracture (submitted 2015).
[3] Patil, S.P., Heider, Y., Hernandez-Padilla, C., Cruz-Chu, E and
Markert, B.: A combined molecular dynamics-phase-field mod-
eling approach to fracture, Comput Methods Appl Mech Engrg
(submitted 2015).
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Computational modeling of the interaction between cracking, chloride diffusion and
binding in hardened cement paste
Tao Wu (Technische Universität Braunschweig), Pietro Carrara (Technische Universität
Braunschweig), Laura De Lorenzis (Technische Universität Braunschweig)
A variety of durability problems in cementitious materials are the result of the interaction of
diffusion processes combined with chemical reactions. One example is the attack of chloride
ions, which in cementitious materials can either be bound to the solid phase or exist as free
ions in the pore solution. On the other hand, cracks are known to increase the diffusivity
of cementitious materials since they provide preferential pathways for chloride ion-transport.
Phase-field modeling is a very powerful approach to predict initiation and propagation of
cracks. Its main advantages are its simplicity and its capability to predict arbitrarily compli-
cated crack patterns, including branching and merging, without the need for ad-hoc criteria
and on a fixed mesh.
This work focuses on hardened cement paste (HCP), which is comprised of hydration prod-
ucts, unhydrated residual and micropores. The objective is to develop a phase-field model
coupled with diffusion and binding for describing chloride diffusion phenomena in HCP ac-
counting for cracking and binding. Both experimental microstructures obtained from com-
puter tomography and numerically simulated microstructures are adopted, the latter having
the advantage to lead to a finer distinction between phases. Results of representative numeri-
cal simulations are presented and discussed.
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A three-dimensional model for hydraulic fracturing
Chenyi Luo (University fo Stuttgart), Wolfgang Ehlers ()
Hydraulic fracturing, also known as fracking, is a common technology in the oil industry. The
mechanism is to generate a manifold of cracks in the stratum by injecting a fluid mixture of
water, sand and chemicals into the borehole such that more natural gas and petroleum are
obtained in the outflow. Behind enormous commercial profit there are unexpected environ-
mental impacts and health risks. The instability of the stratum and leakage of toxic gas and
water are common controversial points during the application. A systemic risk assessment
of hydraulic fracturing becomes an urgent task, which requires a better understanding of the
whole process.
This paper proposes a new approach to simulate the fracking process in three dimensions.
The new approach combines the phase-field theory and the Theory of Porous Media. By
applying the phase-field theory, the crack propagation is traced by a scalar, the so-called order
parameter φ , which varies from 0 (unbroken material) to 1 (cracked material). The evolution
of φ is based on a certain potential energy of the solid skeleton. The volume-balance equation
of the overall aggregates, together with momentum-balance equations of solid and fluid, is
required for deriving the hydrostatic pressure and the velocities of solid and fluid. These two
momentum-balance equations are coupled with each other by the momentum-production term.
The production measures the interaction between the solid and the fluid, which is assumed to
be dependent on the order parameter, volume fraction and seepage velocity. With the evolution
of φ , the resistance of the solid and the momentum production vanish while the frictional
stress of the fluid occurs, which transforms the momentum-balance equation of the pore fluid
towards the Navier-Stokes equation. Several numerical examples are exhibited to demonstrate
the performance, where a pressurised crack surface is simulated.
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Numerical investigation of seismic attenuation in fluid-saturated fractured media
Nele Pollmann (Ruhr Universität Bochum), Ralf Jänicke (Ruhr Universität Bochum), Jörg
Renner (Ruhr Universität Bochum), Holger Steeb (University of Stuttgart)
The investigation of hydro-mechanical processes, in particular the modeling of seismic waves
in fractured porous media, is essential for the physical interpretation of data obtained from
seismic exploration. Here, we specifically investigate attenuation processes in fluid-saturated
porous rock containing complex fracture patterns to identify effective hydro-mechanical prop-
erties by numerical simulation. The main purpose of this work is the identification of the
overall hydro-mechanical material properties by computational homogenization. The effec-
tive material behavior of such domains is assessed for different loading scenarios and bound-
ary conditions by investigating the fluid pressure and the solid displacement of the skeleton
saturated by compressible fluids. Therefore, fracture ensembles are generated stochastically.
The fractures are approximated as ellipses with low aspect ratio (up to 1/100), i.e. they con-
stitute thin and long hydraulic conduits with high permeabilities. Simulations are designed
on the material scale with and without conservation of fluid mass in the control volume. On
the one hand we analyse inhomogeneous boundary conditions to mimic pumping tests from a
borehole in a fluid-saturated reservoir. On the other hand we use periodic boundary conditions
to analyse the macroscopic poroelastic substitute model. Therefore different geometries of
complex fracture patterns are studied for different varieties of fracture characteristics. On the
material scale we find strongly heterogeneous pressure propagation in the fracture network
and the surrounding rock, respectively. The pressure propagates much faster in the fracture
network than in the matrix, rendering the macroscopic hydro-mechanical behavior strongly
time dependent. The ultimate objective of our modeling study is to evaluate whether con-
straints on the structure of fracture networks can be deduced from observations of attenuation
and its frequency dependence.
807

09.03.2016 17:20 Carola Bilgen Altgebäude (Pockelsstrasse), Raum PK4.1
A polyconvex strain-energy split for a high-order phase-field approach to fracture
Carola Bilgen (University of Siegen), Christian Hesch (Karlsruhe Institute of Technology),
Kerstin Weinberg (University of Siegen)
This contribution focuses on a novel phase-field approach for a high-order phase-field model
to brittle fracture in the context of finite strains. In particular, two different challenges are
tackled in this talk: First, we have to deal with polyconvexity to ensure the existence of a
minimizer for the coupled problem, second, we have to deal with a fourth-order Cahn-Hilliard
type equation for the approximation of the phase-field.
Phase-field methods provide a variational framework for brittle fracture and have proven to
predict complex fracture patterns in two and three dimensional examples. Basis of the present
model are the conjugate stresses of the three strain measures deformation gradient (line map),
its cofactor (area map) and its determinant (volume map). The introduction of the tensor cross
product simplifies the presentation of the first Piola-Kirchhoff stress tensor and its derivatives
in elegant manner. By using a Legendre-transformation the complementary energy function
is generated and we can formulate a Hellinger-Reißner functional. In this approach the conju-
gate stresses, the deformation and the phase-field parameter are the primal variables.
The proposed Cahn-Hilliard type equation requires global C 1-continuity. Therefore, we apply
an isogeometric framework (IGA) using NURBS basis functions. Moreover, a general hier-
archical refinement scheme based on subdivision projection is developed here for one, two
and three dimensional simulations. This technique allows to enhance the approximation space
using finer splines on each level but preserves the partition of unity as well as the continuity
properties of the original discretization. We finally demonstrate both the accuracy and the
robustness with a series of benchmark problems.
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09.03.2016 17:40 Ying Zhao Altgebäude (Pockelsstrasse), Raum PK4.1
Phase-field modeling of electrochemically induced crack growth in Li-Ion battery elec-
trodes
Ying Zhao (TU Darmstadt), Peter Stein (TU Darmstadt), Bai-Xiang Xu (TU Darmstadt)
Li-Ion batteries are widely used in portable electronics and electric vehicles nowadays, since
they have high energy densities and are light weighted. In pursuit of larger capacity, potential
alloy materials such as Si, Sn, and Sb have been introduced as alternative anode materials to
graphite. However, those electrodes experience irreversible mechanical degradation already
after few charge/discharge cycles due to high stresses. Those stresses arise from changes in
lattice dimensions and crystal structures, which are associated with overall volume changes
and phase transformation [1, 2]. In this presentation, a Cahn-Hilliard phase-field-diffusion
model coupled with large strains is formulated. Thereby the electrochemical reaction is mod-
eled through a modified Butler-Volmer equation to account for the influence of the phase
change on the reaction fronts. The crack propagation induced by the mechanical stresses dur-
ing (dis-)charging process is considered by the introduction of a damage-like order parameter.
Moreover, concentration-dependency of the elastic moduli and the anisotropy of the diffu-
sivity are also covered. The 3D numerical simulations are carried out by isogeometric finite
element methods in order to treat the high order differential equations in a straightforward
sense.Illustrative simulation examples will be demonstrated to reveal the electrochemical re-
actions on particle surfaces, phase interfaces, and crack surfaces, as well as their influence on
the fracture behavior. Results show that the ratio between the timescale of reaction and the dif-
fusion can have a significant influence on phase segregation behavior, so does the anisotropy
of diffusivity. In turn, the distribution of the lithium concentration greatly influences the reac-
tion on the surface, especially when thephase interfaces appear on exterior surfaces or freshly
cracked surfaces. The reaction rate increases considerably at phase interfaces, due to the large
lithium concentration gradient. Moreover, simulations demonstrate that the segregation of a
Li-rich and a Li-poor phase during delithiation can drive the cracks to propagate [3]. This work
is supported by the "Excellence Initiative" of the German Federal and State Governments and
the Graduate School of Computational Engineering at Technische Universität Darmstadt.
References
[1] Ying Zhao, Peter Stein, and Bai-Xiang Xu.Isogeometric analysis of mechanically coupled
Cahn–Hilliard phase segregation in hyperelastic electrodes of Li-ion batteries. Computer
Methods in Applied Mechanics and Engineering, 297:325–347, December 2015.
[2] Ying Zhao, Peter Stein, and Bai-Xiang Xu. Phase field simulation of the intercalation-
induced stresses in the hyperelastic solids via isogeometric analysis. PAMM, 15(1):443–
444, 2015.
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Computational homogenization and order reduction in poroelasticity
Ralf Jänicke (Ruhr-Universität Bochum), Fredrik Larsson (Chalmers University of Technol-
ogy), Kenneth Runesson (Chalmers University of Technology), Holger Steeb (Universität
Stuttgart)
Seismic attenuation in fluid-saturated porous rocks is of considerable scientific and economic
interest. Especially at low seismic frequencies, oil and gas reservoir rocks frequently ex-
hibit high P-wave attenuation and dispersion. Attenuation analysis can, therefore, be used
for the interpretation of seismic data in order to assess the degree of pore fluid saturation or
quality of reservoir rock. The present contribution studies in detail the wave-induced pore
pressure diffusion at seismic frequencies f < 100 Hz. The partially saturated rocks are ap-
proximated on the meso-scale by a poroelastic medium with regions fully saturated by one
fluid and other regions fully saturated by another fluid (patchy saturation) or, alternatively,
by a heterogeneous solid skeleton saturated by a homogeneous pore fluid (double porosity).
Passing seismic waves lead to pore pressure gradients and induce seepage as well as pressure
diffusion. Due to the viscous fluid flow, part of the wave energy is dissipated. The poroelastic
meso-scale is modeled using Biot’s equations of linear consolidation without body and inertia
forces. Special attention is paid to the pressure diffusion being active in fracture networks.
Here, the Poiseuille flow assumption is used. The pore pressure diffusion is, in both cases,
interpreted as a local phenomenon. That is, the mesoscopic diffusion problem is restricted
to a length scale much smaller than the observable scale. Under these circumstances, the
resulting homogenized model substituting the heterogeneous coupled problem can be under-
stood as a Cauchy continuum with apparent viscoelastic properties, see [2]. Due to the low
wave frequencies, inertia effects can be ignored, and only transient poroelastic initial value
problems have to be considered on the level of a mesoscopic representative volume element.
In the present contribution, we establish a computational homogenization framework for the
transition from a heterogeneous and fractured poroelastic towards a homogeneous viscoelastic
medium [1,2]. For the numerically efficient description of the fracture networks at high aspect
ratios, a dimension-reduced representation of the fracture space is compared with a phase-field
approach for the (non-evolving) fractures. It is shown how to identify an orthonormal basis
for the local pore pressure field that evolves during transient loading. Taking into account the
linearity of the fractured poroelastic model, we use the superposition principle for computing
the macroscopic response variables in terms of an order-reduction procedure. Hence, the vis-
coelastic substitute model is identified in a semi-analytic fashion and numerically expensive
’online’ FE2 computations are avoided. The proposed method will be validated in terms of
numerical experiments.
[1] Jänicke R., F. Larsson, K. Runesson & H. Steeb [2016]. ’Numerical identification of
a viscoelastic substitute model for heterogeneous poroelastic media by a reduced order
homogenization approach’ Comput. Meth. Appl. Mech. Eng., 298, pp. 108–120.
[2] Jänicke R., B. Quintal & H. Steeb [2015]. ’Numerical homogenization of mesoscopic
loss in poroelastic media’ Eur. J. Mech., A/Solids, 49, pp. 382–395.
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10.03.2016 08:50 Giovanni Stabile Altgebäude (Schleinitzstrasse), Raum SN19.1
Reduced order modelling of vortex-induced vibrations for long slender structures in an
offshore environment.
Giovanni Stabile (University of Florence), Hermann G Matthies (TU Braunschweig), Clau-
dio Borri (University of Florence)
Due to the gradual depletion of oil and gas resources onshore and in shallow waters during the
last years there is an increasing interest in deeper waters, where a large part of the remaining
oil and gas is located. This recent interest in deeper waters is coming not only from the
petroleum industry but also from the renewable energy sector. The sea, especially in deep
waters, has a huge energy potential, which could be exploited using wave energy converters,
solar power plants and wind turbines located on offshore platforms. Long slender cylinders are
found in many offshore applications and are the representative system for mooring lines, risers,
umbilicals, and free spanning pipelines in deep water. The response of this kind of structures
due to wave, current, and tide loads may be complex, and phenomena such as vortex induced
vibrations (VIV), unsteady lock-in, dual resonance, and travelling waves response may occur
[1]. Much progress has been made to understand the VIV phenomenon, but an efficient and
reliable model is still missing in literature [2]. Computational fluid dynamics (CFD) methods,
especially considering the increase of the available computational power, have demonstrated
to be a possible way to get the response of flexible structures in an offshore environment, but
they are still not applicable for long term simulations and for simulations in full scale. In this
contribution the response of a small scale model, which is already flexible, is studied under
different imposed motions using a high fidelety fluid structure interaction (FSI) solver. This
solver has been developed by coupling a CFD finite volume solver with a structural finite
element solver.The results of this high fidelety model are used to develop a reduced order
model (ROM). The so developed ROM is able to capture both the in-line and the cross-flow
response of the structure and it consists in the combination of a wake oscillator model [3] and
a state space model. Results are compared with experimental activities in full scale.
References
[1] Wu, Xiaodong, Fei Ge, and Youshi Hong. "A review of recent studies on vortex-induced
vibrations of long slender cylinders." Journal of Fluids and Structures 28 (2012): 292-308.
[2] Sarpkaya, Turgut "A critical review of the intrinsic nature of vortex-induced vibrations."
Journal of Fluids and Structures 19.4 (2004): 389-447.
[3] Facchinetti, Matteo Luca, Emmanuel De Langre, and Francis Biolley. "Coupling of struc-
ture and wake oscillators in vortex-induced vibrations." Journal of Fluids and structures
19.2 (2004): 123-140.
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Model reduction for multi-component porous-media models of biological materials us-
ing POD-DEIM
Davina Fink (University of Stuttgart), Wolfgang Ehlers (University of Stuttgart)
In the context of clinical treatment, reliable models of biological materials can provide further
information of the occurring processes. For this purpose, the prediction of various simulation
scenarios (e. g. infusion scenarios to describe drug spreading) or real-time simulations with
patient-specific data are desirable. A broad variety of biological materials, such as interverte-
bral discs, skeletal muscles or human-brain tissue, exhibit a porous microstructure. In order to
evaluate the overall response of these materials, a macroscopic continuum-mechanical mod-
elling approach is used. Therefore, the complex inner structure is regarded in a multi-phasic
and multi-component manner by means of the Theory of Porous Media (TPM), leading to
macroscopic models of superimposed and interacting constituents. Furthermore, the finite-
element method (FEM) is used to approximate the solution of the descriptive set of coupled
partial differential equations (PDE).
In the context of FE simulations, computing time and numerical effort is an important issue
because the number of degrees of freedom (DOF) of such coupled problems can become very
large. For this reason, it is almost impossible to realise real-time simulations of complex pro-
cesses within the initial full system. Following this, model reduction plays an important role
for the solution of porous-media problems to reduce the computing time of the FE simula-
tions. The aim of the present contribution is to reduce the numerical effort through model-
reduction methods, while the accuracy of the solution needs to be maintained. Therefore, the
proper-orthogonal-decomposition (POD) method in combination with the discrete-empirical-
interpolation method (DEIM) is applied on the global FE equation for models of porous bi-
ological materials. Using projection-based model reduction techniques, a high-dimensional
system, here in terms of the system’s degrees of freedom, is transformed to a low-dimensional
subspace to minimise the computational effort. Applying the POD method, a given data set
is approximated with a low-dimensional subspace which ensures a high flexibility in appli-
cation. Therefore, representative state variables (and thus the vector of unknowns of the FE
simulation, which contains the values of the primary variables at each node of the FE grid)
are stored in a pre-computation using the initial full system. These state variables are the
so-called “snapshots” of the system. Dealing with biomechanical applications, commonly oc-
curring state variables (e. g. motion sequences, such as the specific movements of the spine)
can be found and used as typical snapshots of the system. Additionally, snapshots of the non-
linear terms of the differential equation are stored to approximate the nonlinearities using the
DEIM.
Dealing with porous-media problems in biomechanical applications, the primary variables are
the solid displacement, the pore pressure and, depending on the particular problem, other pri-
mary variables such as molar concentrations of therapeutic agents. Following this, the primary
variables have a different temporal behaviour, and the entries of the vector of unknowns have
very huge differences in their absolute values. This may lead to problems when applying
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10.03.2016 08:30 Jessica Stasch Altgebäude (Pockelsstrasse), Raum PK4.1
Numerical simulation of fluid-structure interaction problems by a coupled SPH-FEM
approach
Jessica Stasch (Institut für Kontinuumsmechanik), Bircan Avci (Institut für Kontinu-
umsmechanik), Peter Wriggers (Institut für Kontinuumsmechanik)
In many technical applications elastic structures are used to control fluid flows. To simulate
these systems the mutual influence between the fluid and the structure has to be considered.
In the presented work a numerical approach to simulate fluid-structure interactions between
elastic structures and fluids is designed. Therefore, a combination of Smoothed Particle Hy-
drodynamics (SPH) for the fluid part and Finite Elements (FE) for the solids is used. SPH
is a particle based method solving the Navier-Stokes equations on the basis of a disordered
set of freely moving interpolation points in space. As a mesh-free method, it easily allows
the computation of large deformations and self-intersections when compared to mesh-based
methods, where very sophisticated re-meshing strategies are mandatory. The open source
code ’DualSPHysics’, extended by a FSI-coupling module for interface treatment and force
exchange, is used as a solver for the fluid state and the interface. The behaviour of the structure
is calculated using the open source Finite Element code ’MOOSE-Framework’. The chosen
material behaviour is linear elastic and the geometry is meshed by tetrahedron elements with
quadratic shape functions. As time integration scheme the well established Newmark method
is used. The coupled problem is solved by an iterative scheme. Both sets of equations, the
fluid and solid equations, are solved consecutively and individually using the latest informa-
tion supplied by the counterpart of each problem. Since, in this work, the fluid as well as
the solid structure is described in a Lagrangian framework, the interface tracking does not
need any complex treatment. In contrast to the monolithic coupling method, where the fluid
and the solid equations are combined and treated as one system, it requires less memory and
therefore may be more applicable to solve larger problems. To calculate the reaction forces
on the interface resulting from the structure or the fluid particles onto the counterpart, differ-
ent approaches, like the well known Lennard-Jones-Potential or the usage of fixed boundary
particles, are implemented and compared. The first one is based on the well known Lennard-
Jones-Potential, which is often used in molecular dynamics. In this approach the decelerating
fluid particle forces depend on the distance to the boundary and on the magnitude and direc-
tion of the velocity (Fig. 3). The second approach generates a single layer of SPH particles on
the boundary surface. These particles are fixed to the FE structure and build a barrier for the
fluid particles. The pressure force induced from the fluid to the wall is calculated means of a
weighted summation of the pressure values of those fluid particles.
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10.03.2016 08:50 Naveed Iqbal Altgebäude (Pockelsstrasse), Raum PK4.1
Numerical simulations of spout/jet fluidized bed with heat transfer using coupled
Eulerian-Lagrangian approach
Naveed Iqbal (FAU Erlangen-Nürnberg), Cornelia Rauh (TU Berlin), Antonio Delgado (FAU
Erlangen-Nürnberg)
Fluidized beds are of significant importance in various industrial applications including chem-
icals, fertilizers and energy processes. Such flows are challenging to model due to their multi-
scales and complex nature of flow. With the increase of computational capacity, it has become
possible to simulate these flows with a reasonable complexity level such as flow pattern, parti-
cle tracking and reaction kinematics. There are two basic approaches to model particle-laden:
namely Eulerian-Eulerian (two-fluid models) and Eulerian-Lagrangian. In this work the later
approach is used that models fluid phase using computational fluid dynamics (CFD) while
discrete phase is modelled using disrete element model (DEM) approach. It is also known as
CFD-DEM approach. The particle tracking as well as particle-particle interactions are taken
into account. Collision forces between particles are calculated using soft sphere model (spring,
slider and dashpot model). The framework of OpenFOAM an open source CFD simulation
code is used. The coupled mass and momentum balance equations are used to calculate the
flow behaviour and the viscous dissipation within the phase. Authors have reported model
and its validation elsewhere [1, 2] using well known Ergun and Wen & Yu . This model is
capable of simulating flows with a wide range of particulate void fractions. Jet/spout fluidized
bed is an excellent application to analyse these models because of different flow regimes. The
model is extended to simulate the heat transfer among the both phases as well as between the
phases. The coupled energy equation is solved along with mass and momentum equations.
The results shows a good comparison to the results reported in the literature. The dimen-
sions of the simulation domain are similar to the one reported in [3] but with different particle
properties. The temperature of air entering through a jet is 400K to see the effects of heat
transfer to the particles.The particles have an initial temperature of 300K. Due to bubble for-
mation during the fluidization process, the particles encounter different residence time that
results in non-uniform temperature distribution.The particles residing for longer time like on
the top of bubble havehigher temperature. The results show a good qualitative behaviour. The
quantitative comparison is planned in near future.
References
[1] N. Iqbal, C. Rauh and A. Delgado:Numerical simulation of dense fluid-particle flows
using computational fluid dynamics (CFD) and discrete element method (DEM), Proc.
Appl.Math. Mech. 10.1002/pamm.201210185.
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A Flexible C++ Framework for the Efficient Solution of Strongly Coupled Multifield
Problems
Marcel König (Hamburg University of Technology), Lars Radtke (Hamburg University of
Technology), Alexander Düster (Hamburg University of Technology)
In recent years, multifield problems have become a primary interest in research and industry.
Thanks to the ever increasing computational power, numerical simulations have become an
attractive means to analyze such problems.
In our research, we utilize a partitioned approach for the numerical treatment of coupled
problems, where we split the entire problem into smaller subproblems, which can be solved
individually. For each of the subfields, we may choose a discretization scheme and a solution
algorithm which are already known to perform well for the isolated problems. Due to the inde-
pendent modeling of the subproblems, we can employ existing, dedicated solvers, which does
not only boost performance but also enhances software modularity and reusability. However,
partitioned schemes run the risk of becoming unstable and appropriate measures must be taken
to stabilize the solution process and circumvent these numerical difficulties. Depending on the
problem under consideration, different coupling strategies proof to be effective and we often
have to adjust existing algorithms to optimize the balance between accuracy and computing
time according to our requirements.
A designated software can greatly assist to conduct these adjustments and identify a bene-
ficial coupling strategy as it helps to reduce the time needed for implementation, modifica-
tion, and testing by offering modular building blocks. In order to overcome the limitations
of currently available software packages in this respect, we develop the software framework
comana, which is targeted at an analyst’s requirement to quickly tune a coupling algorithm
to suit the particular problem under consideration or exchange a solver for one of the sub-
problems. comana is a versatile, generic C++ framework developed to manage the transfer
of field quantities between the solvers taking part in a partitioned coupled simulation and is
designed in a modular fashion to be easily customized as needed. Several coupling algortihms
have already been implemented, including the classical Aitken relaxation scheme [1], a paral-
lel version thereof, and different variants of the quasi-Newton least squares procedure [2]. In
comana, modifications of these and other algorithms can easily be implemented exploiting the
full power of the C++ programming language. Interaction with the solvers is achieved through
a uniform interface to the solvers’ databases. Interfaces for various open source and commer-
cial solvers are already provided; solver interfaces not yet available can be implemented with
minimum effort. In our current research, we utilize comana to compute the berthing maneu-
ver of a catamaran service vessel to an offshore wind turbine and the structural response of a
floating offshore wind turbine subjected to waves. In addition to applications in the maritime
sector, we also apply the software framework to cardiovascular fluid-structure interaction and
the simulation of a field-assisted sintering process.
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10.03.2016 13:30 Matthias Krauss Altgebäude (Schleinitzstrasse), Raum SN19.1
Gradient based enhanced finite element formulation for diffuse phase interfaces in cou-
pled problems
Matthias Krauss (KIT), Ingo Münch (KIT)
Interfaces between adjacent phases, so-called domain walls, may appear as non-linear gradi-
ents of order parameters in diffuse phase field models. Usually, the interface width is much
smaller than the dimensions of the simulated region. Positions of domain walls are not known
a priori, thus, the maximum size of finite elements needs to be adapted to the length scale of
interfaces within the entire region. We suggest a selective finite element method to improve
numerical solutions using diffuse phase field models. It enhances the finite element interpo-
lation space by supplementary degrees of freedom. However, additional nodes are strictly
located in the interior of elements, thus C0-continuity at finite element borders is guaranteed.
Additionally, we relax the C0-continuity perpendicular to the gradient of the order parameter.
Therefore, directions of domain walls between phases are analyzed to use this additional infor-
mation for further adaptive improvement of the numerical solution. We study several function
types such as power functions, linear functions, and combinations of Lagrange shape functions
to extend the interpolation space. Further, we introduce a local parameter, which controls the
application of our technique. It is determined iteratively by local minimum energy consid-
erations. A simple dual phase field model is used to validate our numerical method. With
help of analytical solutions of stationary domain walls we use error measurements allowing
for validation in regular and distorted finite element meshes. Further, mesh pinning effects
for transient phase transition in a circular disk with time-dependent boundary conditions are
studied. Finally, our enhanced formulation is applied to a phase field model for ferroelectrics
with electric polarization as order parameter, which is coupled to mechanical strain and elec-
tric potential. We investigate the efficiency of the technique in order to decrease mesh pinning
effects in transient phase transformations.
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10.03.2016 13:50 Karsten Buckmann Altgebäude (Schleinitzstrasse), Raum SN19.1
On the Embedding of Relaxation-based Magnetostriction Models into a
Micromagnetically-Motivated Finite Element Framework
Karsten Buckmann (Institut für Mechanik, TU Dortmund), Björn Kiefer (Institut für
Mechanik, TU Dortmund), Thorsten Bartel (Institut für Mechanik, TU Dortmund), Andreas
Menzel (Institut für Mechanik, TU Dortmund)
Smart materials change their physical properties under the application of external fields, e.g.
temperature, electric and magnetic fields, which potentially enables novel applications in sens-
ing, actuation, and energy harvesting, among other areas. More specifically, the group of
ferroic smart materials, that exhibits spontaneous straining (ferroelastic), polarization (ferro-
electric), or magnetization (ferromagnetic), and combinations thereof, has recently received
much attention. In the current work we focus on the modeling of magnetostrictive materi-
als, including magnetic shape memory alloys (MSMA), which are intrinsically multi-ferroic
and possess strong magnetomechanical coupling in addition to conventional shape memory
behavior. Energy-relaxation based models that capture the microstructurally-driven nonlinear,
anisotropic, and hysteretic strain and magnetization response of MSMAs under the applica-
tion of magnetomechanical loading, have been established in prior work [1]. In this model-
ing approach, the evolution of all internal state variables describing the microstructural state
is determined by the constrained minimization of a total incremental potential. It has been
demonstrated that the resulting MSMA response simulations show good agreement with ex-
perimental data [1].
The embedding of such material models into finite element formulations for the coupled mag-
netomechanical problem, however, turns out to be non-straightforward. In contrast to the
modeling of magnetostriction on the macroscopic level, see e.g. [2], the modeling of magnetic
microstructure evolution typically requires the explicit consideration of the nonlocal magne-
tostatic self-field. This aspect is particularly challenging in the context of energy relaxation-
based constitutive modeling. We therefore choose a micromagnetically-inspired formulation,
cf. [3], neglecting, however, exchange energy-related gradients of the magnetization on the
considered mesoscale, in the sense of the large body limit. First results are presented for two-
dimensional computations, demonstrating the effect of shape dependence and anisotropy for
single-crystalline material samples subjected to remotely applied magnetic fields as well as
mechanical loading.
References
[1] B. Kiefer, K. Buckmann, T. Bartel, Numerical energy relaxation to model microstructure
evolution in functional magnetic materials, GAMM-Mitteilungen, 38(1):171–196, 2015.
[2] C. Miehe, B. Kiefer, D. Rosato, An incremental variational formulation of dissipative
magnetostriction at the macroscopic continuum level, International Journal of Solids
and Structures, 48(13):1846–1866, 2011.
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10.03.2016 14:10 Matthias Labusch Altgebäude (Schleinitzstrasse), Raum SN19.1
Computational characterization of magnetostrictive solids with a 3D Preisach model
based on orientation distribution functions
Matthias Labusch (University of Duisburg-Essen), Jörg Schröder (University of Duisburg-
Essen)
Smart materials, which are for example characterized by magneto-mechanical or electro-
mechanical coupling behaviors, find many applications in a broad spectrum of modern techni-
cal devices. These devices are used in sensor or actuator technologies and operate on the basis
of the special characteristics of smart materials. By applying an external magnetic or electric
field, such materials react with a mechanical deformation. However, the interaction between
the applied field and the material response is highly non-linear concerning their magnetization
or electric polarization, respectively, as well as their mechanical deformations. Therefore, a
realistic and exact modeling of these ferromagnetic- and ferroelectric properties is important
to predict the functionality of such devices. In order to simulate the characteristic magnetiza-
tion and mechanical butterfly hysteresis loops for magnetostrictive solids, we employ a three-
dimensional Preisach model. In detail, we decompose the magnetic induction and mechanical
deformations into a linear reversible and a non-linear irreversible part, see for example [3].
The irreversible part of the magnetic induction, which describes the remanent magnetization
of the material, is approximated with a Preisach operator, see [1], [2], [4] or [5]. This Preisach
operator approximates the magnetization by a superposition of multiple relays, which show an
up/down magnetization, described with different switching thresholds. Each relay is further
multiplied with a suitable weighting factor such that the superposition of all relays yield the
non-linear hysteresis loop. The resulting magnetization is then used to determine the rema-
nent deformations. In contrast to the classical Preisach model, which is a scalar model, we
extended the model to the three-dimensional space. Therefore, we apply the Preisach oper-
ator in each direction of an orientation distribution function in the three dimensional space.
Numerical examples show the performance of the implemented model.
[1] F. Preisach [1935], ”Über die magnetische Nachwirkung”,Zeitschrift für Physik 94, 277–
302,
[2] I.D. Mayergoyz and G. Friedman [1988], ”Generalized Preisach Model of Hysteresis”,
IEEE Transactions on Magnetics 24, 212–217,
[3] M. Kamlah and C. Tsakmakis [1999], ”Phenomenological modeling of the non-linear
electro-mechanical coupling in ferroelectrics”, International Journal of Solids and Structures
36, 669–695,
[4] T. Hegewald, B. Kaltenbacher, M. Kaltenbacher and R. Lerch [2008], ”Efficient modeling
of ferroelectric behavior for the analysis of piezoceramic actuators”, Journal of Intelligent
Material Systems and Structures 19, 1117–1129,
[5] M. Kaltenbacher, B. Kaltenbacher, T. Hegewald and R. Lerch [2010], ”Finite Element
Formulation for Ferroelectric Hysteresis of Piezoelectric Materials”, Journal of Intelligent
Material Systems and Structures 21, 773–785
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10.03.2016 14:30 Shuai Wang Altgebäude (Schleinitzstrasse), Raum SN19.1
The behavior of relaxor ferroelectrics under electro-mechanical coupled loading - a
phase-field study
Shuai Wang (TU Darmstadt), Bai-Xiang Xu (TU Darmstadt)
Relaxor ferroelectrics are a type of ferroelectricmaterials with very high piezoelectric effect.
In order to reveal its unique physical origins and to explore its application potential, a lot of
investigations have been carried out both theoretically and experimentally [1]. In the sim-
ulation approach, although there is plenty of work on phase field modeling of conventional
ferroelectrics, phase field simulations on relaxor ferroelectrics are scarce in the literature, due
to the complex physical origins of relaxor features. Based on our previous work on ferro-
electrics [2], a phase-field model for relaxor ferroelectrics involving random field theory is
proposed [3]. Spontaneous polarization is chosen as the order parameter. Thermodynamic
frame work is established to derive the evolution equation. The random field strength can be
modified by the variance of Gaussian distribution of the random field. Finite element simu-
lations based on this model demonstrate that the model can reproduce relaxor features, such
as domain miniaturization,small remnant polarization and large piezoelectric response. Dif-
ferent simulation cases including relaxation process, bipolar loading, pure mechanical loading
and electro-mechanical loading shows the capability of the model. Simulation results show
that the domain size becomes smaller as the random field becomes stronger in relaxation pro-
cess, which is in consistent with experimental characterization. Under pure electric loading,
the remnant polarization and coercive field becomes smaller as the random field becomes
stronger. The remnant polarization decreases with the increase of random fields. When bipo-
lar loading is applied on a preloaded sample, the macroscopic properties such as remnant and
maximum polarization can be modified. For instance, the sample with lower random field
have smaller renment polarization, while the sample with higher random field have smaller
maximum polarization under compression loading.The work of Shuai Wang is supported by
the ’Excellence Initiative’ of the German Federal and State Governments and the Graduate
School of Computational Engineering at Technische Universität Darmstadt.
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of the electrocaloric effect in ferroelectrics and relaxor ferroelectrics. Physical Review B,
91(18): 184108, 2015.
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10.03.2016 14:50 Artjom Avakian Altgebäude (Schleinitzstrasse), Raum SN19.1
Constitutive modeling of ferromagnetic and ferroelectric behaviors including damage
and application to multiferroic composites
Artjom Avakian (University of Kassel), Andreas Ricoeur (University of Kassel)
The coupling of magnetic and electric fields due to the constitutive behavior of a material
is commonly denoted as magnetoelectric effect. The latter is only observed in a few crystal
classes exhibiting a very weak coupling, mostly at low temperatures, which can hardly be
exploited for technical applications. Much larger coupling coefficients are obtained at room
temperature in composite materials with ferroelectric and ferromagnetic constituents. The
magnetoelectric effect is then induced by the strain of matrix and inclusions converting elec-
trical and magnetic energies based on the piezoelectric and magnetostrictive effects.
In this paper, the constitutive modelling of nonlinear multifield behavior as well as the finite
element implementation are presented. Nonlinear material models describing the magneto-
ferroelectric or electro-ferromagnetic behaviors are presented. Both physically and phenomeno-
logically motivated constitutive models have been developed for the numerical calculation of
principally different nonlinear magnetostrictive behaviors. Further, the nonlinear ferroelectric
behavior is based on a physically motivated constitutive model. On this basis, the polariza-
tion in the ferroelectric and magnetization in the ferromagnetic and magnetostrictive phases,
respectively, are simulated and the resulting effects analyzed. Additionally, the ferroelectric
model accounts for damage due to microcrack growth. Numerical simulations focus on the
calculation of magnetoelectric coupling and on the prediction of local domain orientations as
well as damage processes going along with the poling process, thus supplying information on
favorable electric-magnetic loading sequences.
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10.03.2016 15:10 Omkar Nadgir Altgebäude (Schleinitzstrasse), Raum SN19.1
An anisotropic phase-field model for transversely isotropic barium titanate with mate-
rial bounds
Omkar Nadgir (University of Stuttgart), Marc-Andre Keip (University of Stuttgart), Christian
Miehe (University of Stuttgart)
This contribution presents a phase-field model [1, 2, 3] for transversely isotropic barium ti-
tanate, which allows for the adjustment of the full set of isotropic and anisotropic material
parameters. It is a direct extension of the work by Schrade et al. [4], in which a phase-field
model for ferroelectrics in the framework of the invariant theory is presented. As has been
shown there, phase-field models for ferroelectrics may experience a loss of positive definite-
ness of the elastic and dielectric material tensors. In [4] this has been avoided by the adjust-
ment of the underlying thermodynamic potential, so that positive definiteness of the involved
material tensors could be guaranteed throughout the full range of electro-mechanical load-
ing. In order to extend the approach towards the adjustment of the full set of anisotropic and
isotropic parameters of barium titanate we formulate energetic terms that provide bounds for
all material parameters involved. We show the stability of the formulation by a set of numeri-
cal examples in two and three dimensions, in which we analyze the evolution of ferroelectric
domain structures and associated material properties.
References
[1] W. Zhang and K. Bhattacharya.A computational model of ferroelectric domains. Part I:
model formulation and domain switching.Acta Materialia, 53, 185–198, 2005.
[2] D. Schrade, R. Müller, B.-X. Xu and D. Gross.Domain evolution in ferroelectric materials:
a continuum phase field model and finite element implementation.Computer Methods in
Applied Mechanics and Engineering, 196, 4365–4374, 2007.
[3] C. Miehe, D. Zäh and D. Rosato.Variational-based modeling of micro-electro-elasticity
with electric field-driven and stress-driven domain evolutions.International Journal for
Numerical Methods in Engineering, 91, 115–141, 2012.
[4] D. Schrade, R. Müller, D. Gross, M.-A. Keip, H. Thai and J. Schröder.An invariant for-
mulation for phase field models in ferroelectrics.International Journal of Solids and Struc-
tures, 51, 2144–2156, 2014.
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10.03.2016 13:30 Pietro Carrara Altgebäude (Pockelsstrasse), Raum PK4.1
Chloride Diffusivity within the interfacial Transition Zone between Aggregates and Ce-
ment Paste in Concrete
Pietro Carrara (TU Braunschweig), Laura De lorenzis (TU Braunschweig)
The existence of an interface transition zone (ITZ) in concrete between the bulk hardened ce-
ment paste (HCP) and the aggregates is well established in the literature. Different studies
demonstrate how the formation of the ITZ is due to a change in the packing of the cement
clinker particles close to the aggregate surface, termed wall effect. As a result, the water-
to-cement w/c ratio (and thus the porosity) close to the aggregate surface increases, leading
to a higher diffusivity of aggressive ions such as chlorides [1]. Moreover, the ITZ compo-
sition turns out to be deficient of those chemical compounds that can interact with chloride
ions delaying their diffusion, i.e. through the so-called binding effect [2]. Hence, the latter
affects more the bulk HCP than the ITZ.Modeling diffusion, binding and wall effect is not a
trivial task, also considering that the inherent length scale of such processes is about 1 µm. In
particular, the distribution and topology of the micropores is crucial for diffusion; to properly
account for binding each single phase of the HCP microstructure should be finely resolved;
finally, to determine the wall effect the placement of single clinker particles (dimensions 1-50
µm) close to the aggregate surface is essential. This makes the use of experimental techniques
nearly unfeasible, especially concerning the microstructure reconstruction. On the other hand,
numerical models able to simulate the hydration of a HCP volume containing an aggregate
surface and starting from the distribution of the clinker particles are available in the litera-
ture.In the present work, the chloride diffusion behavior of the ITZ at the microscale level is
simulated adopting the model proposed in [1], which directly accounts for the binding effects.
The detailed HCP microstructures are obtained using CEMHYD3D [3] and accounting for
different initial w/c ratios. Comparisons between the diffusive behavior of the ITZ and of the
bulk cement paste are presented and the ITZ diffusivity is upscaled adopting a least square
method providing the basis for a multiscale approach.
References
[1] P. Carrara, L. De Lorenzis, D. P., Bentz , Chloride diffusivity in hardened cement paste
from microscale analyses and accounting for binding effects To be submitted.
[2] D. P. Bentz, E. J. Garboczi, Computer modeling of interfacial transition zone: mi-
crostructure and properties. Engineering and transport properties of the interfacial tran-
sition zone in cementitious composites, Rilem report n. 20, 1999.
[3] D. P. Bentz, E. J. Garboczi, CEMHYD3D: A three-dimensional cement hydration and
microstructure development modelling package. Version 3.0. National Institute of Stan-
dards and Technology Report, NISTIR 7232, 2005.
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10.03.2016 13:50 Ursula Kowalsky Altgebäude (Pockelsstrasse), Raum PK4.1
Modeling of multifield processes regarding the life-cycle of concrete structures
Ursula Kowalsky (Institut für Statik der TU Braunschweig), Friedhelm Cramer (Institut für
Statik der TU Braunschweig), Dieter Dinkler (Institut für Statik der TU Braunschweig)
The presented model allows for the description of the most important coupled processes in
porous media, whereby focus is laid on concrete structures here.
The model can be used for a consistent numerical analysis wihthin a monolithic solution
algorithm. Mechanical processes are coupled with transport processes, e.g. of energy and
humidity, as well as with chemical processes like depassivation due to chloride penetration,
carbonation or dehydration.
On the one hand coupling of processes, which proceed at the same time scale is possible. On
the other hand processes may be coupled consecutively in time. The coupling allows for the
predictive analysis of the behaviour of concrete structures over their whole life cycle. Thereby,
the mechanical behaviour is described in the context of non-local continuum damage theory
including the mechanical and the thermo-chemical damage of the material.
The physical model as well as the governing balance and constitutive equations are presented,
followed by results of numerical analysis of a structure exposed to high moisture amounts and
chemical attacks.
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10.03.2016 14:10 Maia Svanadze Altgebäude (Pockelsstrasse), Raum PK4.1
Boundary value problems in the theory of viscoelasticity for double porosity materials
Maia Svanadze (Ilia State University)
Viscoelastic materials play an important role in many branches of engineering, technology
and biomechanics. In the last decade there has been interest in formulation of the mechanical
theories of viscoelastic and thermoviscoelastic materials with microstructures of differential
type. In the present paper the linear theory of viscoelasticity for Kelvin-Voigt materials with
double porosity is considered. The fundamental solution of the system of equations of steady
vibrations is constructed by means of elementary functions and its basic properties are estab-
lished. The representation of Galerkin type solution is obtained. The formula of representation
of the general solution for the system of homogeneous equations of steady vibrations in terms
of six metaharmonic functions is established. The completeness of these representations of so-
lutions is proved. The uniqueness theorems of the internal and external basic boundary value
problems of steady vibrations are proved. The Green’s formulas and integral representations
of Somigliana type of regular vector and classical solution are obtained. The basic properties
of thermoelastopotentials and singular integral operators are given. Finally, the existence the-
orems for classical solutions of the above mentioned BVPs are proved by using the potential
method (boundary integral method) and the theory of singular integral equations.
Acknowledgments
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10.03.2016 14:30 Seyedmohammad Zinatbakhsh Altgebäude (Pockelsstrasse), Raum
PK4.1
Partitioned treatment of surface-coupled problems with application to the fluid-porous-
media interaction
Seyedmohammad Zinatbakhsh (University of Stuttgart), Pouyan Asgharzadeh (University of
Stuttgart), Wolfgang Ehlers (University of Stuttgart)
Employing a decoupled solution strategy for the numerical treatment of the set of governing
equations describing a surface-coupled phenomenon is a common practice. In this regard,
many partitioned solution algorithms have been developed, which usually either belong to the
family of Schur complement methods or to the group of staggered integration schemes. To
select a decoupled solution strategy over another is, however, a case-dependent process that
should be done with special care. In particular, the performances of the algorithms from the
viewpoints of stability and accuracy of the results on the one hand, and the solution speed
on the other hand should be investigated.In this contribution, a method for classification of
partitioned solution strategies is firstly proposed and the relations between the various schemes
are explained. Following that, the surface-coupled problem of fluid-porous-media interaction
is introduced and its corresponding set of governing equations is established. Subsequently,
the coupling mechanisms within the system of equations are addressed and two strategies for a
partitioned treatment of the problem are presented. These are one parallel solution algorithm,
which is based on the method of localised Lagrange multipliers (LLM), and one sequential
solution method, which follows the block-Gauss-Seidel (BGS) integration strategy. In order
to investigate the performances of the proposed schemes, an exemplary initial-boundary-value
problem is considered and the numerical results obtained by employing the solution algorithms
are compared.
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10.03.2016 14:50 Carla Henning Altgebäude (Pockelsstrasse), Raum PK4.1
A three-phase two-scale FE-model for diffusion-driven metallic alloy solidification pro-
cesses
Carla Henning (TU Dortmund), Tim Ricken (TU Dortmund), Lukas Moj (TU Dortmund)
The majority of metallic material solidification experiments can be replaced by numerical sim-
ulations. In order to predict the material behaviour during such experiments as precisely as
possible, a multi-phase, two-scale numerical model for solidification processes will be pre-
sented. A thermo-mechanical finite element, based on theory of porous media (TPM) [1]
enhanced by the phenomenological dendrite growth model of Wang/Beckermann [3] is used
to map the decisive information which influence the material properties during solidification.
Recently, Moj published a three-phase, two-scale finite element [2], to capture the phase tran-
sition as well as the thermo-mechanical material behaviour during casting processes. For this
purpose, finite plasticity extended by secondary power-law creep to describe the solid phase
and a linear viscoelastic behaviour with Darcy’s law of permeability for the liquid phase is
used, respectively. Here, the temperature-dependent two-scale phase transition approach is
replaced by the diffusion-driven 0D model of Wang and Beckermann, which contains three
different phases at the microscale. This well-known model considers columnar to equiaxed
transition (CET), and the influence of solute diffusion on the solidification progress. The
strong coupling between volume fractions and concentrations of the alloying element consid-
ers the ejection of atoms from the crystal lattice and the associated change in solidification
temperature range.
Based on significant examples, the model as well as advantages and disadvantages will be
presented.
References
[1] R. De Boer: Theory of Porous Media, Springer, New York, 2008.
[2] L. Moj, T. Ricken and I. Steinbach: A continuum mechanical, bi-phasic, two-scale model
for thermal driven phase transition during solidification, PAMM 15, 2015.
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10.03.2016 15:10 Maik Schenke Altgebäude (Pockelsstrasse), Raum PK4.1
Numerical investigation of vacuum-assisted resin transfer moulding (VARTM) within
deformable fibre fabrics
Maik Schenke (University of Stuttgart), Wolfgang Ehlers (University of Stuttgart)
Resin transfer moulding (RTM) is a common manufacturing procedure for complex-shaped
structures made of fibre-reinforced materials, such as carbon-fibre-reinforced plastics (CFRP)
or glass-fibre-reinforced plastics (GFRP). The RTM-process set-up is composed of a rigid
two-piece casting mould. The dry (gas saturated) fibre fabric is placed in the mould and is
thereafter compressed by its matching counterpart. Following this, the resin is injected at the
inlet via an excess of pressure subjected to the resin. The resulting pressure gradient between
the inlet and the open (ambient-pressure exposed) outlet, initiates a resin flow which gradually
impregnates the fabric. Finally, the fully resin-saturated part is cured.
One of the major drawbacks of the RTM method is its need of a two-piece casting mould,
which is expensive, especially when large structures are manufactured. To cope with this, the
method of vacuum-assisted resin transfer moulding (VARTM), often also denoted as vacuum-
assisted resin infusion (VARI), has been developed. Therein, in contrast to the RTM process,
the procedure set-up is composed of single-piece casting mould and a flexible plastic ply,
which replaces the second mould part. In this connection, the dry fabric is placed in the
mould, and air-proof covered by the plastic ply. In a next step, the air is evacuated from the
whole set-up by a vacuum pump attached at the future outlet, thereby compressing the textile
by the ambient pressure. Subsequently, an open resin reservoir is attached to the inlet, which,
similar to the RTM process, establishes a pressure gradient and, in turn, initiates a resin flow
from the inlet to the outlet. However, in contrast to the RTM process, the flexible plastic ply
does not ensure the intended part geometry as the injection pressure, on the one hand, inflates
the textile and, on the other hand, causes distortions in the alignment of the textile fibres.
However, in order to allow for reliable predictions of the mechanical properties of the final
structure, simulations of the overall manufacturing process are necessary.
The present contribution addresses the simulation of the resin flow process within the fibre
fabric, where special attention is paid to the interaction between the resin and the deformable
textile. The governing model proceeds from the Theory of Porous Media (TPM), where the
varying pore space is simultaneously occupied by a compressible pore gas, representing the
ambient air, and an incompressible pore liquid, describing the resin. This approach allows for
a continuous transition from the fully resin-saturated over the partially saturated, towards the
fully unsaturated state, thereby accounting for the interactions between the pore fluids (resin
and air) and the deformable fibre fabric. The governing equations are discretised and imple-
mented into the finite-element-based research code PANDAS. However, in order to account
for a straightforward application of the numerical model within a production-related environ-
ment, PANDAS is linked to the commercial FE package Abaqus via a general interface. The
capabilities of the presented modelling approach are numerically investigated in an element
test, and the application possibilities are discussed in application-oriented large-scale parallel
simulations.
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10.03.2016 17:20 Ali Esmaeili Altgebäude (Pockelsstrasse), Raum PK4.1
Thermo-mechanical damage accounting for energetic Kapitza interface
Ali Esmaeili (Erlangen University), Ali Javili (Stanford University), Paul Steinmann (Erlan-
gen University)
Interfaces can play a dominant role in the thermo-mechanical response of a body.The impor-
tance of interfaces is more pronounced as the problem scale decreases, i.e. when the interface
area to the bulk volume ratio grows.The objective of this contribution is to study compu-
tational aspects of modeling thermo-mechanical solids containing energetic, geometrically
non-coherent, Kapitza interfaces under cyclic loading.To date, classical thermo-mechanical
cohesive zone models do not account for energetic interfaces. The interface is termed en-
ergetic in the sense that it possesses its own energy, entropy, constitutive relations and dis-
sipation.Therefore we propose a novel interface model that couples the classical cohesive
zone formulation to the interface elasticity theory under the Kapitza assumption within a
thermo-mechanical framework.In other words, such an interface model allows for disconti-
nuities in geometry, temperature and normal stress fields, while not permitting a jump in nor-
mal heat flux. The equations governing a fully non-linear transient problem are given. They
are solved using the finite element method.The results are illustrated through a series of three-
dimensional numerical examples for various interfacial parameters.In particular, a comparison
is made between the results of the classical thermo-mechanical cohesive zone model and our
novel (cohesive + energetic Kapitza) interface formulation.
849

10.03.2016 17:40 Matthias Grafenhorst Altgebäude (Pockelsstrasse), Raum PK4.1
Time-adaptive non-linear finite-element computations for thermo-mechanically cou-
pled analysis in inelastic dynamical systems
Matthias Grafenhorst (TU Clausthal), Stefan Hartmann (TU Clausthal), Joachim Rang (TU
Braunschweig)
In the field of structural dynamics the Newmark-method is a famous and well-known second
order scheme being applied to hyperbolic differential equations. However, if constitutive
models of evolutionary-type are applied and first order time integration methods are used,
second order cannot be reached. Furthermore, a second order method calls for a time-adaptive
scheme. Thus, theoretical and numerical investigations have to be provided. The consis-
tent application of the method of vertical lines to the coupled initial-boundary value problem
of thermo-mechanics yields an ODE-system of second order coupled with ODEs of first or-
der (heat equation) after the spatial discretization using finite elements. Depending on the
constitutive model it is extended by further ODEs of first order for constitutive models of
evolutionary-type (viscoelasticity and viscoplasticity) or it yields a system of differential-
algebraic equations if constraints are considered (elastoplasticity). In this presentation the
Generalized-α method will be compared with diagonally implicit Runge-Kutta methods. For
both time integration classes the inclusion of an adaptive time step control based on local er-
ror estimations is presented, which merely requires a small extra time-investment. Several
numerical examples show the behavior of the proposed procedures.
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10.03.2016 18:00 Thomas Bleistein Altgebäude (Pockelsstrasse), Raum PK4.1
Thermo-mechanically coupled modelling of cellular MgO-C refractories under thermal
shock
Thomas Bleistein (Universität des Saarlandes), Anne Jung (Universität des Saarlandes), Ste-
fan Diebels (Universität des Saarlandes)
Refractory materials such as magnesium oxide carbon (MgO-C) composites are used in ap-
plications of the steel-making industry. Some are linings in furnaces, for ladles or oxygen
converters. Nowadays, MgO-C bricks are used to line such applications. A new class of
composites are cellular MgO-C materials. These consist of carbon foams filled with magne-
sia oxide and gas filled pores. Cellular MgO-C composites have the advantage to improve
the thermo-mechanical properties significantly. Modelling of MgO-C composites includes the
displacement field and also the temperature field. Therefore, it is not only a multi-phase but
also a multi-physics problem. In the applications a thermal shock appears as a typical load-
ing. The thermal shock leads to high temperature gradients in the MgO-C composites. To
keep the thermal shock as small as possible the MgO-C composites are slowly heated to a
temperature under the maximum thermal shock temperature. To model the class of materials,
a fully coupled thermo-mechanical continuum model was developed in this contribution. The
model includes a multiphase approach and a kinematic coupling of the displacement and tem-
perature fields. A linear thermoelasticity with an additive decomposition of the deformation
gradient into an elastic and a thermal part for isotropic materials was extended to the mixture
of MgO and C phase. The material parameters of the mixture are calculated by a linear theory
of mixtures. The developed model was implemented in the open source Finite Elemente (FE)
code FEAP. A three dimensional 8-node-brick element was used to implement the developed
model in FEAP. The validation of the implementation is given by a comparison between a
microstructure model solved in Abaqus CAE and the macroscopical model. Therefore, a cube
with identical boundary conditions and dimensions is simulated by the implemented contin-
uum model and a microstructure in Abacus CAE. The results are not identical, but in a first
approach the results are promising and yield a foundation to enlarge the model. One way is
to modify the theory of mixtures and an other way is to expand the thermoelastic model to a
damage evolution. The present contribution is the first step to a macroscopical FE simulation
of cellular MgO-C composites and offers the possibility to simulate large structures in contrast
to a fully described microstructure.
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10.03.2016 18:20 Sebastian Zeller Altgebäude (Pockelsstrasse), Raum PK4.1
Modelling the Thermoplastic Material Behaviour of Dual-Phase Steels on aMicroscopic
Length Scale
Sebastian Zeller (Institute of Continuum Mechanics), Stefan Loehnert (), Peter Wriggers ()
Dual-phase steels possess a microstructure composed of a ferritic matrix with martensite inclu-
sions. In this work a thermoplastic material model for the constituents of this polycrystalline
microstructure is developed. Focus is placed especially on the behaviour of the ferritic matrix
of dual-phase steels as it is assumed that the martensite behaves purely thermoelastic in the de-
formation range under consideration and persistent deformation is only occuring in the ferritic
matrix. Since the driving mechanisms for the plastic deformation in the ferritic phase are the
formation, movement and pile-up of dislocations on preferred planes in preferred directions,
many crystal plasticity models for the purely mechanical single crystal behaviour motivated
by these mechanisms were proposed in the past. In this work these ideas are extended to
thermomechanical material behaviour and a thermomechanical crystal plasticity model is de-
veloped for the single crystal behaviour. Attention is paid to the description of the evolution
of the microstructure and its dependence on the history of deformation and on the history of
temperature of the processes under consideration. Elementary processes of multiplication and
annihilation of dislocations are analysed in terms of temperature and deformation rate depen-
dence. Thermal activation is used to describe these dependences and evolution equations are
postulated for the state variables that describe the current dislocation structure and by this the
influence of the deformation and temperature history on current material behaviour. As the
underlying dislocation structure determines the yield stress and the energy stored in the ma-
terial, these evolution equations and their temperature and rate dependence are crucial for the
formulation of the thermomechanically coupled model. Estimations of the critical resolved
shear stress necessary to move dislocations through the crystal resulting from the interaction
of dislocations on different slip systems and the resistance of the atomic lattice and the energy
associated with a line element of a dislocation allow to formulate a thermoplastic constitutive
material model for the single crystal behaviour of the ferritic phase. A strategy for the algo-
rithmic treatment of the numerical solution of the resulting intial boundary value problems is
presented and comparison is drawn between experimental results of single crystals in tensile
tests and the predictions of the developed material model.
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10.03.2016 18:40 Marko Canadija Altgebäude (Pockelsstrasse), Raum PK4.1
A multiscale approach to thermoplastic deformation
Marko Canadija (Faculty of Engineering, University of Rijeka), Neven Munjas (Faculty of
Engineering, University of Rijeka), Josip Brnic (Faculty of Engineering, University of Rijeka)
It is generally known that plastic deformation of solids is accompanied by the heat release due
to breakage of crystalline bonds. In that way, mechanical effects influence thermal behaviour.
On the other side, temperature increase (or decrease) affects the yield stress, thus showing
influence of the thermal phenomena on the mechanical behaviour. Consequently, it can be
concluded that the problems involving evolution of permanent deformation are of coupled na-
ture. Although the strain rate can be important in this class of problems, the present analysis
will be constrained to the rate independent problems. So far, significant progress has been re-
alized in the thermoplasticity of homogeneous materials. Quite contrary, when materials with
heterogeneous structure are considered, the problem is far from being solved. With the ad-
vent of multiscale methods, the numerical apparatus needed to address these kind of problems
is becoming available. There are only a handful of papers dealing with the subject. Conse-
quently, the present research aims to provide an additional contribution to the understanding
of the thermoplasticity of heterogeneous materials.
The proposed approach is therefore based on the multiscale methodology. It should be pointed
out that only the mechanical part of the problem is dealt with in the multiscale procedure, i.e.
on the micro and the macro level; the thermal part is solved entirely on the macro level.
The heat source is plastic dissipation evaluated at the micro level in the mechanical part of
the problem. The former approach can be supported by the fact that in the case of metals,
with metals being very efficient heat conductors, the temperature field should be expected
to be more or less homogeneous at the micro level. The numerical procedure is based on
the so-called isothermal split, where thermal and mechanical phase sequentially follow each
other. In the thermal phase, the displacement field is held fixed, while in the mechanical phase
temperature is not allowed to change.
The selected plasticity model is based on the variationally consistent formulation at the mi-
cro level. It is suitable for problems involving large strains. The proposed formulation is
implemented in the Abaqus software package by means of user subroutines. User subrou-
tines are introduced both at the macro and at the micro level. The consistent tangent operator
is calculated by the numerical differentiation procedure. Implementation details are briefly
addressed.
Finally, the methodology is verified on representative examples and all relevant results are
presented and discussed.
Acknowledgements: Research presented in this paper has been partially financially supported
by the University of Rijeka under the project 13.09.1.1.01.
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10.03.2016 19:00 Stefan Schuß Altgebäude (Pockelsstrasse), Raum PK4.1
Thermomigration in Sn-Pb solder bumps: Modelling and simulation
Stefan Schuß (University of Siegen), Christian Hesch (Karlsruher Institude of Technology),
Kerstin Weinberg (University of Siegen)
In three dimensional integrated circuit (3D IC) technology, the vertical interconnection con-
sists of silicon vias and solder bumps. With the trend toward higher integration and further
miniaturisation in the microelectronic industry the size of the bumps and the cross-sectional
area of conductive lines on the chip and substrate has decreased gradually. Due to different
electrical resistances and thermal capacities of individual parts within the flip chip intercon-
nection structure, it is possible that the heat accumulated at the chip side is larger than that
at the substrate side. This can lead to a considerable temperature gradient across the solder
joints, which provides a driving force to cause thermomigration [1]. In the present contribution
we focus on a diffuse interface model for separation processes affected by temperature gradi-
ents, [2], coupled with a heat diffusion equation in order to describe thermomigration effects
caused by joule-heating. To be specific, we will focus on phase separation in solder bumps
consisting of tin and lead. Therefore we discuss the modelling of a Gibbs’ configurational
free energy density as well as the modelling of the chemical mobility and mobility of thermo-
transport as sufficiently smooth functions in particle concentration and absolute temperature.
The resulting set of partial differential equations involves spatial derivatives of fourth order.
Consequently, the variational formulation of the problem mandates approximation functions
which are at least C1-continuous. In order to fulfill this requirement a B-Spline based finite
element scheme is provided. One of the main advantages of B-Splines is the possibility to
represent complex geometries (e.g. solder bumps) exactly. However, it has been shown that
especially curved B-Spline (or NURBS) geometries can not be treated in a straight forward
manner in finite element analysis. For this reason we finally demonstrate the implementation
of boundary conditions to avoid the arising numerical perturbations. REFERENCES
[1] H. Hsiao and C. Chen. Thermomigration in flip-chip SnPb solder joints under alternat-
ing current stressing. Applied Physics Letters, 90, 2007.
[2] R.R. Mohanty, J.E. Guyer and Y.H. Sohn. A phase-field model study. Journal of Com-
putational Physics, 106, 2009.
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10.03.2016 17:00 Peter Leichsenring Altgebäude (Schleinitzstrasse), Raum SN19.1
Hydrogels as porous media: Coupled chemo-electro-mechanical simulation with strain
dependent boundary conditions
Peter Leichsenring (TU Dresden), Thomas Wallmersperger (TU Dresden)
Ionic hydrogels belong to the class of polyelectrolyte gels. These polymers, which have both
solid- and liquid-like properties, are composed of a cross-linked polymer network and an in-
terstitial fluid. The solid phase is formed by a polymer network with ionic side groups. The
interconnected void is filled by a solvent, i.e. an aqueous solution with mobile ions.
Hydrogels are typically immersed in a solution bath. Variations of the external conditions,
e.g. a temperature jump or a change in the chemical concentration of the solution bath, lead
to a reversible swelling and deswelling behavior. This sensoric and actuatoric behavior makes
hydrogels a promising material for novel applications [1, 2].
To make hydrogels accessible to numerical investigations, a thermodynamically consistent
continuum model based on the theory of porous media (TPM) is adapted. The complex in-
teraction of the moving constituents is captured by a statistical homogenization based on the
theory of mixtures [3]. By incorporating the saturation condition a representative elementary
volume is defined by the superposition of the fluid phase {F} and the solid phase {S}. This
definition – and a quantification based on the concept of volume fractions – is the fundamental
concept of the theory of porous media. To obtain the complete set of governing field equations
constitutive laws are incorporated.
The respective material properties are defined for each constituent separately. In the present
model the solid matrix is described by a linear-elastic material behavior. The fluid phase is
described by an incompressible fluid and the solid-fluid interaction is of a DARCY-type char-
acter. Within the fluid phase positive and negative charged ions are considered.
The obtained continuum mechanical model is solved in the framework of the finite element
method (FEM). As the boundary conditions may be strain dependent, a weak implementation
has been chosen [4]. With the applied adaptive time stepping scheme the computational effort
is lowered significantly.
In the present investigation a hydrogel strip is chemically stimulated. Two configurations of
the hydrogel are compared: Free swelling and clamped configuration. Considering diffusive,
migrative and convective fluxes, an evaluation of the different pressure contributions is per-
formed.
By carrying out a parametric numerical study, guidelines for the chemical synthesis can be
derived in order to obtain hydrogels with the desired swelling properties. Finally, based on the
obtained results, design rules for the further enhancement of hydrogel-based applications can
be derived.
861

10.03.2016 17:20 Jana Wilmers Altgebäude (Schleinitzstrasse), Raum SN19.1
Electromechanical Coupling and Interface Elasticity Effects in Metal-Polymer Com-
posites
Jana Wilmers (Helmholtz-Zentrum Geesthacht), Andrew T. McBride (University of Glasgow),
Swantje Bargmann (Hamburg University of Technology)
Actuators and sensors that utilise the electromechanically coupled behaviour of materials are
important elements of numerous technical applications. The electromechanical coupling arises
from different physical processes in the material, e.g., charge re-orientation or surface mod-
ification. One example of a functional material like that are nanoporous metals which have
a high surface-to-volume ratio and, thus, react sensitively to any electrically induced surface
modification. Filled with a dry electrolyte, these nanoporous metals are promising sensor and
actuator materials with a wide range of possible application fields.
To model the behaviour of these composite actuators, one has to account for not only the
multiphysically coupled bulk behaviour of both components but also the interface modification
that arises from the build up of charges in the metal-polymer interface and electroadsorption
of electrolyte ions onto the interface.
In this work [1], a continuum model is proposed that couples large deformations with electro-
statics and diffusional transport of charge carriers. Furthermore, an extension of surface elas-
ticity theory [2] is developed that allows to capture the unique electromechanical behaviour
of the metal-polymer interface. This framework captures the effects and interaction of differ-
ent phenomena influencing the interface energy, i.e., strains exerted from the bulk polymer in
space charge regions, electroadsorption and the build up of an interface charge. Numerical
examples are presented to elucidate the capabilities of the proposed model.
[1] J. Wilmers, A.T. McBride, S. Bargmann, Interface Elasticity Effects in Polymer-Filled
Nanoporous Metals, submitted
[2] A.T. McBride, A. Javili, P. Steinmann, S. Bargmann, Geometrically nonlinear continuum
thermomechanics with surface energies coupled to diffusion, Journal of the Mechanics and
Physics of Solids 59(10), 2116-2133, 2011
863

10.03.2016 17:40 Philipp Metsch Altgebäude (Schleinitzstrasse), Raum SN19.1
Modeling and simulation of magnetostrictive phenomena in magnetorheological elas-
tomers
Philipp Metsch (Technische Universität Dresden), Karl Kalina (Technische Universität Dres-
den), Christian Spieler (Technische Universität Dresden), Dirk Romeis (Leibniz Institute for
Polymer Research), Marina Saphiannikova (Leibniz Institute for Polymer Research), Markus
Kästner (Technische Universität Dresden)
Magnetorheological elastomers (MRE) are composites with properties that can be adjusted by
an applied magnetic field. Typically, these materials represent a two-component system, in
which micron-sized magnetizable particles are embedded in a cross-linked polymer. The spa-
tial distribution of these particles can be either anisotropic or isotropic depending on whether
the particles have been aligned by an applied magnetic field before the cross-linking of the
polymer. Since the effective material behavior of MRE is essentially determined by the consti-
tutive properties of the individual components and their geometrical arrangement in the com-
posite, this contribution will apply a microscopic modeling approach for magneto-mechanical
problems. Starting from the properties of the magnetizable particles and the polymeric matrix,
a coupled model based on a continuum formulation of the problem is presented.
Experiments published recently by Danas et al. [1] indicate a strong dependence of the magne-
tostriction on applied prestresses for MRE with chain-like particle structures. These findings
motivate the incorporation of finite deformations into the model. For finite element calcula-
tions a monolithic solution scheme is developed in order to account for the strong coupling
of the magnetic and mechanical fields. Numerical results presented in this contribution show
a good agreement with the qualitative behavior observed in the experiments. Further investi-
gations on possible deformation mechanisms based on simulations with simplified specimens
provide a better understanding of the underlying effects.
Moreover, a detailed study on the effective magnetostriction in MRE is presented for small
deformations. Using an existing homogenization framework [2], the effect of particle arrange-
ment and volume fraction on the macroscopic material response is investigated for the case
of linear and nonlinear magnetization behavior. The scale transition process is based on the
energy equivalence theorem which is satisfied by using periodic boundary conditions. After
a sample averaging, the effective magnetostrictive strains can be compared to results obtained
by different groups using diplole-dipole interactions and other modeling strategies.
Acknowledgement
The present study is funded by the German Research Foundation (DFG), Priority Programme
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Computational aspects of homogenization in magneto-mechanics
Reza Zabihyan (Friedrich-Alexander-Universität Erlangen-Nürnberg), Julia Mergheim
(Friedrich-Alexander-Universität Erlangen-Nürnberg), Paul Steinmann (Friedrich-
Alexander-Universität Erlangen-Nürnberg), Ali Javili (Stanford University, USA)
Magnetorheological elastomers are composites whose mechanical behaviour depends highly
on the applied magnetic field. Since explicit constitutive laws for such heterogeneous materi-
als are not specified, their effective macroscopic properties can be estimated from the response
of the underlying micro-structures using homogenization procedure.
In the present work, the behaviour of the heterogeneous magnetorheological elastomers un-
dergoing large deformations under the action of magnetic field is studied. First-order com-
putational homogenization is used to derive the effective properties of the macro-structure
from the response of the underlying micro-structure. The micro-structure is far smaller than
the characteristic length of the macroscopic problem and consists of at least two materials.
The solution of the microscopic problem requires appropriate boundary conditions that satisfy
Hill-Mandel energy conditions, i.e. the volume averages of the increments of the magnetome-
chanical energy density functions in the RVE are equal to the macroscopic increments of the
energy density functions.
Different types of boundary conditions have been applied to solve the micro problem where
the constitutive law is assumed to be known. The overall responses of various microstructures
which are different in volume fraction, size and material properties are studied under different
load types and magnetic fields. Results indicate that, the application of each type of boundary
conditions renders different macroscopic properties. However, solutions get closer to each
other by increasing the size of the micro-structure.
867

10.03.2016 18:20 Stephan Lange Altgebäude (Schleinitzstrasse), Raum SN19.1
Modeling the constitutive behavior of ferroelectric, ferromagnetic and multiferroic ma-
terials by using the condensed method (CM)
Stephan Lange (University of Kassel), Andreas Ricoeur (University of Kassel)
Ferroelectric as well as ferromagnetic materials are widely used in smart structures and de-
vices as actuators, sensors etc.To model their nonlinear behavior, a variety of models has been
published in the past decades, e.g. [1].Most of the models that have been developed were
implemented within the framework of the Finite Element Method (FEM), e.g. [2].The imple-
mentation of a discretization scheme is going along with a high computational effort and the
solution of the boundary value problem (BVP) requires high computational costs.Most inves-
tigations, however, are restricted to simple BVP under uniaxial loading and their goal is the
calculation of hysteresis loops.In [3] the so-called condensed method (CM) is introduced to
investigate the macroscopic polycrystalline material behavior at a global material point with-
out any kind of discretization scheme.The CM is able to calculate hysteresis loops as well
as residual stresses as a result of domain wall motion.Based on the condensed theory, a high
cycle fatigue model to predict the life time under combined electromechanical loading is intro-
duced in [4].Besides classical ferroelectrics, other fields of application of the CM have been
exploited, e.g. ferromagnets, ferroelectric-ferromagnetic composites or ferroelectrics with
phase transition.Two possible fields of application are presented: On the one hand, the CM is
extended to ferromagnetic material behavior to investigate the magnetoelectric coupling in a
composite.On the other hand, rhombohedral unit cells are implemented within the framework
of the CM to examine the phase transition at the morphotropic phase boundary (MPB).
References
[1] Hwang, S. C., Lynch, C. S. and McMeeking, R. M., Ferroelectric / ferroelastic interactions
and a polarization switching model, Acta Metallurgica et Materialia 43, 1995, pp. 2073 –
2084.
[2] Kamlah, M., Liskowsky, A. C., McMeeking, R. M. and Balke, H., Finite element simu-
lation of a polycrystalline ferroelectric based on a multidomain single crystal switching
model, International Journal of Solids and Structures 42, 2005, pp. 2949 – 2964.
[3] Lange, S. and Ricoeur, A., A condensed microelectromechanical approach for modeling
tetragonal ferroelectrics, International Journal of Solids and Structures 54, 2015, pp. 100
– 110.
[4] Lange, S. and Ricoeur, A., High cycle fatigue damage and life time prediction for tetrag-
onal ferroelectrics under electromechanical loading, International Journal of Solids and
Structures, 2015, http://dx.doi.org/10.1016/j.ijsolstr.2015.11.003
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10.03.2016 18:40 Min Yi Altgebäude (Schleinitzstrasse), Raum SN19.1
Mechanically-assisted switching dynamics in nanomagnets coupled with thermal fluc-
tuations
Min Yi (TU Darmstadt), Bai-Xiang Xu (TU Darmstadt)
In nanomagnet-based logic and memory applications, a 180 degree reversal of the magneti-
zation in nanomagnets is required, i.e. the nanomagnet changes its bit state from 0 to 1, or
vice versa. Currently, the magnetic field and spin-polarized current are two available ways for
switching magnetization, but with high energy dissipation. Due to the magneto-mechanical
coupling, a mechanical field can be used to switch the magnetization with much less energy
dissipated. In the authors’ preliminary work, mechanically-induced 180 degree switching in
different nanomagnets has been studied by a phase field model [1-6]. But the temperature
effect is neglected. However, if it is not the zero-temperature case, i.e. thermal fluctuations
at finite temperature are considered, the mechanically-assisted magnetization switching prob-
ability is altered or the deterministic 180 degree switching even fails. Consequently, in order
to predict the correct mechanically-assisted magnetization switching dynamics, thermal fluc-
tuations should be taken into account in the modeling of realistic ferromagnets.
In this contribution, we study the mechanically-assisted switching dynamics in nanomagnets
coupled with thermal fluctuations at finite temperature (but still far below Curie temperature).
Two angles are used to describe the magnetization state. The thermal fluctuations will be
mimicked as Gaussian distributed and uncorrelated random field both in space and time. In
this way, a stochastic evolution equation is derived, with thermal fluctuations appearing as a
random term. The stochastic evolution equation is solved in a Monte Carlo scheme, i.e. a
deterministic problem is solved a large number of times with the random number generated
by Box-Muller method. The average magnetization is calculated by the Monte Carlo estima-
tor. In a benchmark only with thermal fluctuations (no other external field) at T=300 K, it is
found that the numerical results agree well with the theoretical solution from Fokker-Planck
equation. By comparing the results of mechanically-assisted 90 degree switching at T=0 K
and T=300 K, it is found that thermal fluctuations notably affect the switching trajectory and
switching time. The magnetization switching dynamics in a layered piezoelectric/nanomagnet
nanostructure is further investigated to show the effect of thermal fluctuations at different finite
temperatures. A voltage is applied to the piezoelectric layer to generate strain that is trans-
ferred to nanomagnetic layer. The switching probability and energy dissipations are further
addressed.
[1] M. Yi and B. X. Xu. Proc. R. Soc. A, 2014, 470:20140517
[2] M. Yi, B. X. Xu, and D. Gross. Mech. Mater., 2015, 87:40-49
[3] M. Yi, B. X. Xu, and Z. Shen. Extreme Mech. Lett., 2015, 3:66-71
[4] M. Yi, B. X. Xu, and Z. Shen. J. Appl. Phys., 2015, 117:103905
[5] M. Yi and B. X. Xu. PAMM, 2015, 1:441-442
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11.03.2016 08:30 Michel Make Altgebäude (Schleinitzstrasse), Raum SN19.1
Numerical Study on Shock-Induced Fluid-Structure Interaction in Supersonic Flows
Michel Make (RWTH Aachen University), Norbert Hosters (RWTH Aachen University),
Marek Behr (RWTH Aachen University)
In the design process of many supersonic flow applications it is of great interest to study the
behavior of shock waves and their interaction with flexible structures. For this type of coupled
shock-wall problems, the behavior of reflected shock waves is affected by structural deforma-
tions and vice versa.
Shock-detachment phenomena in overexpanded rocket nozzles, for example, can cause asym-
metric deformations of the nozzle wall, which in turn has an influence on the detached shock
[1]. This interaction can lead to excessive structural vibrations and eventually could cause fail-
ure of the system. To study these mechanisms, accurate representation of the geometry and
structural deformations is crucial. To achieve these requirements in numerical simulations,
spline-based methods can be utilized.
In the presented work, such methods are studied for the shock-wall interaction problem. For
this, our in-house CFD solver XNS and CSD solver FEAFA are coupled through the Aeroe-
lastic Coupling Module ACM [3]. The finite element solver XNS is based on the Deforming
Spatial Domain/Stabilized Space-Time (DSD/SST) procedure extended by NURBS-enhanced
finite elements [2], and is used to solve the Navier-Stokes equations using conservation vari-
ables. The elastodynamic problem is solved using FEAFA [3] by means of conventional finite
element methods and isogeometric analysis.
References
[1] N. Hosters, M. Klaus, G. Schieffer, M. Behr, and H.-G. Reimerdes, "Towards aerother-
moelastic simulations of supersonic flow through nozzles" In: Proceedings of the 4th Eu-
ropean Conference for Aero-Space Sciences (EUCASS), Saint Petersburg, Russia, July
4-8, 2011.
[2] A. Stavrev, P. Knechtges, S. Elgeti, and A. Huerta, "Space-Time NURBS-enhanced
Finite Elements for Free-Surface Flows in 2D" Int. J. Numer. Methods Fluids, DOI:
10.1002/fld.4189, 2015.
[3] L. Reimer, C. Braun, G. Wellmer, M. Behr, and J. Ballmann. 1997-2008. "Development
of a modular method for computational aero-structural analysis of aircraft" In: Summary
of flow modulation and fluid-structure interaction Findings – resultsof the Collaborative
Research Center SFB 401 at the RWTH Aachen University.Ed. W. Schröder. Aachen,
Germany: Springer Verlag.
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11.03.2016 08:50 Anas Alfarra Altgebäude (Schleinitzstrasse), Raum SN19.1
Computational bridge aeroelasticity using turbulence models
Anas Alfarra (TU-Braunschweig), Dieter Dinkler (TU-Braunschweig)
Long-span bridges may collapse due to the to interaction of the turbulent wind flow and struc-
tural motion. The investigation of the fluid-structure interaction requires appropriate mod-
els for the structure, wind flow and the coupling between them [1]. In case of aeroelastic
bridge deck instabilities the structure can simply be modeled as a spring supported rigid body.
The fluid flow is modeled with the incompressible Reynolds Averaged Navier-Stokes (RANS)
equations with a turbulence model [2] . To solve the the coupled system of equations si-
multaneous a consistent discretization method based on stabilized space-time finite elements
is applied and a strong coupling algorithm for the time-dependent fluid-structure interaction
is implemented. Using of the space-time elements implies a natural description of the time
dependent fluid domain. The computational method described above is applied to two types
of bridge decks, to investigate their aeroelastic behaviour and identify reasons for aeroelastic
instabilities.
References: [1] B. Hübner, E. Walhorn and D. Dinkler, A Monolithic Approach to Fluid-
structure Interaction Using Finite Elements, Computational Methods of Applied Mechanics
in Engineering,193:2087-2104, 2004.[2] D. C. Wilcox, Turbulence Modeling for CFD, DCW
Industries, La Cañada, (2006).
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11.03.2016 09:10 Ali Ahmed Anwar Altgebäude (Schleinitzstrasse), Raum SN19.1
Deformed gap space using macro-micro FEA model and transferred into a CFD model
Ali Ahmed Anwar (University of Strathclyde), Yevgen Gorash (University of Strathclyde),
William Dempster (University of Strathclyde), David Nash (University of Strathclyde)
Using a cylindrical nozzle and seat of a Pressure Relief Valve (PRV) the surface form and
waviness is modelled using actual metrological data i.e. average surface form,Wa and Sm in
a 1/4 symmetry manner. To model the surface waviness the technique used is based on the
summing technique created by Tsukizoe and Hisakado [1] for micro-contact analysis. Due to
the actual surface form measurements being in the micro-meter range, the model is required
to incorporate micro and macro-meter dimensions. The material in question is stainless steel.
The deformed finite element analysis model is then transferred into a CAD geometry allowing
the void space to be meshed and solved using computational fluid dynamics.
References
[1] O’Callaghan, P. and Probert, S. (1987). Prediction and measurement of true areas of con-
tact between solids. Wear, 120(1), pp. 29–49.
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11.03.2016 08:30 Andreas Zilian Altgebäude (Pockelsstrasse), Raum PK4.1
Strongly-coupled modelling and analysis of energy harvesting devices
Srivathsan Ravi (University of Luxembourg), Andreas Zilian (University of Luxembourg)
A specific class of energy harvester devices for renewable energy resources is investigated, that
allow conversion of ambient fluid flow energy to electrical energy via flow-induced vibrations
of a piezo-ceramic composite structure positioned in the flow field. In this way, potentially
harmful flow fluctuations are harnessed to provide independent power supply to small electri-
cal devices. In order to harvest energy from fluid flows by means of piezoelectric materials
the kinetic energy of the fluid first has to be transformed to cyclic straining energy of the
piezoelectric material which is then transformed to electrical energy under the presence of an
attached electrical circuit representing the powered electrical device or charged battery.
This energy converter technology simultaneously involves the interaction of a composite struc-
ture and a surrounding fluid, the electric charge accumulated in the piezo-ceramic material and
a controlling electrical circuit. In order to predict the efficiency and operational properties of
such future devices and to increase their robustness and performance, a mathematical and nu-
merical model of the complex physical system is required to allow systematic computational
investigation of the involved phenomena and coupling characteristics.
A monolithic approach is proposed that provides simultaneous modelling and analysis of the
harvester, which involves surface-coupled fluid-structure interaction, volume-coupled electro-
mechanics and a controlling energy harvesting circuit for applications in energy harvesting.
A space-time finite element approximation is used for numerical solution of the weighted
residual form of the governing equations of the flow-driven piezoelectric energy harvesting
device. This method enables time-domain investigation of different types of structures (plate,
shells) subject to exterior/interior flow with varying cross sections, material compositions, and
attached electrical circuits with respect to the electrical power output generated.
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11.03.2016 08:50 Stefan Steidel Altgebäude (Pockelsstrasse), Raum PK4.1
Coupled simulation in vehicle engineering
Michael Burger (Fraunhofer ITWM), Stefan Steidel (Fraunhofer ITWM)
Modern vehicles are highly complex systems consisting of many subsystems in various phys-
ical domains. For instance, in a passenger car, besides the mechanical structure, there are
electric, electronic, hydraulic and control systems that dynamically interact all together. For
any subsystem there are tailored simulation tools with specifically developed and adapted nu-
merical solvers and modelling techniques to address the required complexity and the strongly
differing dynamical properties (e.g. different time-scales, different eigenfrequencies). In par-
ticular, one has to build and to simulate complex coupled models in order to analyze these
multi-domain systems in the computer. In this context, co-simulation strategies allow to simu-
late each submodel within an appropriate numerical framework, the data of coupling quantities
is only exchanged at certain macro time points, while each subsystem solver is able to run with
its own stepsizes. In industrial applications, one is hereby confronted with enormous numer-
ical challenges with respect to efficiency, accuracy and numerical stability in order to realize
acceptable simulation times; especially in online applications. In this talk, we discuss and
present co-simulation strategies as well as administration, prediction and stabilization meth-
ods that can be used to set up and to simulate a coupled numerical model. We illustrate these
approaches by means of selected application examples from the field of vehicle engineering.
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11.03.2016 09:10 Andrzej Buchacz Altgebäude (Pockelsstrasse), Raum PK4.1
Dynamical characteristics of transverse vibrations beams as models of subsystems of
freight wagons
Andrzej Buchacz (Silesian University of Technology)
Abstract. In this paper the application of analysis of transverse vibrating subsystem of com-
plex continuous mechanical beam systems by means of the exact and approximate methods
were the main purposes of work to solve the task of assignment of frequency-modal analysis.
The next subject of deliberation was to determine the dynamical flexibility of the mechanical
beam system with constant cross section using the exact and approximate – Galerkin’s meth-
ods. Analysing the diagrams of characteristics of confirmed system it has been determined that
in case of approximate method the resonance frequencies cover with those which have been
determined with the exact method, but the values of the characteristic in other areas were dif-
ferent. Comparing the transients of characteristics of mechanical subsystems of the transverse
vibrating continuous mechanical beam system, obtained by the exact and approximate method
is the main aim of this paper. In case of others boundary conditions of mechanical subsystems
and other kinds of their vibrations it is necessary to achieve of offered other researches review
in this paper. On the base of the obtained formulas, which were determined by the exact and
approximate method, it is possible to make the analysis of the considered vibrating beam sys-
tem by only approximate method. The analysis of subsystem of mechanical complex systems
is however the introduction to the synthesis of transverse vibrating mechanical systems with
assumed frequency spectrum. The problems will be presented in future works, because neces-
sary conditions to synthesis of complex transverse vibrating mechanical beam systems must
be obtained.
Acknowledgements: This work has been conducted as a part of research project PBS2/A6/17/2013
supported by the National Centre for Research and Development in 2013-2016.
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08.03.2016 08:30 Günther Meschke Schleinitzstrasse 20, Raum SN20.2
A micromechanics model for fiber reinforced composites
Jithender Timothy (Ruhr University Bochum), Günther Meschke (Ruhr University Bochum)
Mechanical properties such as ductility, strength and load bearing capacity of brittle materials
can be considerably improved by the addition of reinforcing fibers. These reinforcing fibers
improve the fracture toughness of the unreinforced material by arresting micro-crack growth
which, if unhindered, will coalesce and form a macro-crack eventually leading to material
and structural failure. The strengthening mechanism is dependent on the properties of the
fiber and its interaction with the matrix material characterized by the interface behavior at
the microscopic scale. In order to understand the macroscopic counter part of these complex
micro-mechanisms and support material design, we propose a multi level modelling strategy.
At the scale of the single fiber, the fiber-matrix interface properties are modelled in terms
of a nonlinear shear-slip law. On the level of individual micro-cracks, the influence of fiber
bundles on micro-crack evolution is taken into account within the framework of the Linear
Elastic Fracture Mechanics. Upscaling to the macroscopic level is achieved by using con-
tinuum micromechanics[1, 2]. The proposed model allows to characterize the influence of
the interface behavior on micro-crack evolution realistically. Selected numerical experiments
provide insight into the role of the interface property, resulting on the macroscopic level - in
a brittle, softening behaviour in case of weak bond and a rather ductile, hardening behavior
in case of a relatively strong interface bond. Furthermore, the model predicts an increasing
microcrack density and microcrack arrest with increased fiber content. Model predictions are
compared with experimental data.
References
[1] J. J. Timothy and G. Meschke (2014). A Continuum Micromechanics-LEFM model for
Fiber Reinforced Concrete. In N. Bicanic,H.A. Mang, G. Meschke, and R. De Borst,
editors, Computational Modelling of Concrete and Concrete Structures (EURO-C 2014).
CRC Press, 327-333.
[2] B. Pichler, C. Hellmich, and H. A. Mang, (2007). A combined fracture micromechanics
model for tensile strain-softeningin brittle materials, based on propagation of interacting
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08.03.2016 08:50 Maximilian Volkan Baloglu Schleinitzstrasse 20, Raum SN20.2
Material modelling of a sheet-layered lamination stack by homogenization
Maximilian Volkan Baloglu (Friedrich-Alexander-Universität Erlangen-Nürnberg), Kai Will-
ner (Friedrich-Alexander-Universität Erlangen-Nürnberg)
In electrical machines, the main components consist of sheet-layered lamination stacks, which
play an important role for the mechanical response of the system. Especially the nonlinear
contact behaviour between individual sheets has a severe influence on the structure. It is
furthermore responsible for the fact that an FE-simulation of such a model with standard con-
tinuous elements would lead to inappropriate results when omitting the contact.
Nevertheless, in the context of performance and computational effort, it is desirable to avoid a
full FE-simulation of the contact zone. Therefore, homogenization techniques are employed
to identify a more complex material model to cover the real physical behaviour of a lamination
stack. The basic approach is oriented on the description in [1].
As a first step, the material is assumed to be transversely isotropic, i.e. it is characterised by
one preferred direction, in which the stress-strain diagram differs from the other two direc-
tions. For this case, only five independent parameters have to be identified to derive a material
law of the form of Hooke’s law,
σ =Cε, (1)
where the strain ε serves as the input and the stress σ as the output for the Representative
Volume Element (RVE) of the homogenization. By applying different load cases, the elasticity
tensor C can be identified, which is needed for the homogenized model.
For the implementation of the homogenization, a static condensation of the stiffness matrix is
utilized due to periodic boundary conditions, which are necessary to enforce the Hill-Mandel
condition, cf. [2]. On the micro scale, the contact zone inside of the RVE is covered by Zero-
Thickness elements [3], in which arbitrary constitutive contact laws can be implemented.
References
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stacks based on rough contacts. In Electric Drives Production Conference (EDPC), 2014
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Nürnberg, 2014.
[3] Johannes Geisler: Numerische und experimentelle Untersuchungen zum dynamischen
Verhalten von Strukturen mit Fügestellen. PhD thesis, Friedrich-Alexander-Universität
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08.03.2016 09:10 Loredana Kehrer Schleinitzstrasse 20, Raum SN20.2
Mean field homogenization of long fiber reinforced composites and comparison with a
full field approach
Loredana Kehrer (Karlsruhe Institute of Technology (KIT)), Thomas Böhlke (Karlsruhe In-
stitute of Technology (KIT)), Pascal Pinter (Karlsruhe Institute of Technology (KIT))
The class of lightweight materials exhibits advantages concerning their specific material prop-
erties, e.g., high specific stiffness and strength. Especially in automotive applications, fiber
reinforced polymer materials are increasingly applied as resource efficient semi-structural ma-
terials with a variety of design options. In the work at hand, a thermoset based polymer is
regarded. The matrix material consists of a vinylester resin and is reinforced with discon-
tinuous long glass fibers. During the fabrication process by sheet and compression molding
compound, a local orientation distribution of the fibers is induced. Thus, a heterogeneous
and anisotropic viscoelastic material behavior on the microscale is observed. The generalized
Hashin-Shtrikman variational approach for second-order homogenization by [1] is modified
in order to include computed tomography (µCT) data directly. In this context, thermo-elastic
effective material properties are determined. A virtual structure with unidirectional (UD)
aligned fibers is generated by means of the software tool GeoDict®, cf., e.g., [2]. Further-
more, the homogenization method is applied to the virtually generated data and, in addition,
to real data, obtained by µCT scans. The simulation results for the mean field approximation
are compared to the full field approximation predicted by GeoDict®. In the context of the full
field method, the boundary value problem for a voxel-based volume element is solved by fast
Fourier transformation, cf., e.g, [3]. Experimental investigations for several temperature load-
ings are performed with GABO Eplexor® 500N. Finally, the simulation results are compared
to the experimental investigations and discussed.
References
[1] J.R. Willis. Variational and related methods for the overall properties of composites. Ad-
vances in Applied Mechanics 21 (1981), 1–78.
[2] M. Kabel, H. Andrä. Fast numerical computation of precise bounds of effective elastic
moduli. Report of the Fraunhofer ITWM (2013).
[3] M. Kabel, T. Böhlke, M. Schneider. Efficient fixed point and Newton-Krylov solvers for
FFT-based homogenization of elasticity at large deformation. Computational Mechanics
54 (2014), 1497–1514.
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08.03.2016 17:00 Felix Fritzen Schleinitzstrasse 20, Raum SN20.2
Efficient snapshot generation for the POD basis identification
Felix Fritzen (EMMA Gruppe, Institut für Mechanik (Bauwesen), Uni Stuttgart)
Reduced order models have been increasingly applied in the field of solid mechanics in the
past two decades. In particular in multi-dimensional simulations involving many parameters
and in the field of nonlinear mechanical homogenization many efforts have been made regard-
ing different reduction strategies. For example, a well-known approach is the use of reduced
basis approximations in Galerkin formulations. Galerkin formulations are bound with respect
to the efficiency due to their immanent recurrence to the dimension of the high-fidelity prob-
lem in the assembly of the reduced system. Therefore activities related to the reduction of the
assembly process have produced a variety of methods which are often taylored for specific
applications (e.g. the missing point estimation (MPE), the hyper-reduction (HR) [1], the (Dis-
crete) Empirical Interpolation Method (DEIM) etc.). Another drawback is the dependency of
the accuracy of the reduced prediction on the reduced basis. Most often the snapshot proper
orthogonal decomposition (POD) is used in the RB context. The POD extracts from a set of
data the most significant outputs such that the resulting modes minimize the mean approxima-
tion error. However, the accuracy of the POD basis depends strongly on the input data. In the
context of mechanical homogenization the parameter space is given by an infinite-dimensional
manifold which leads to further complications. In this presentation the POD basis identifica-
tion for the recent pRBMOR [2, 3] is considered. Different inner products are investigated
and extensive numerical studies on high-dimensional nonlinear problems are effected in order
to examine the numerically efficient identification of low-dimensional yet accurate reduced
bases representations.
[1] D. Ryckelynck: Hyper-reduction of mechanical models involving internal variables,
International Journalfor Numerical Methods in Engineering 77 (1), p. 75-89, 2009.
[2] F. Fritzen, M. Hodapp, M. Leuschner: GPU accelerated computational homogenization
based on a variationalapproach in a reduced basis framework, Computer Methods in
Applied Mechanics and Engineering 278, p. 186-217, 2014.
[3] F. Fritzen, M. Hodapp: The Finite Element Square Reduced (FE2R) method with GPU
acceleration:towards three-dimensional two-scale simulations, International Journal for
Numerical Methods in Engineering,accepted for publication in Dec 2015.
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08.03.2016 17:20 Xiaozhe Ju Schleinitzstrasse 20, Raum SN20.2
A nonuniform transformation field analysis for plasticity coupled with softening effects
and two related new methods for accuracy improvements
Xiaozhe Ju (University of Paderborn, Chair of Engineering Mechanics), Rolf Mahnken (Uni-
versity of Paderborn, Chair of Engineering Mechanics)
In this contribution, we consider a two-scale mechanical problem of solids, where a micro-
scopic heterogeneity is taken into account. In addition to plasticity, another irreversible pro-
cess is our focus: softening, which is introduced on the micro scale and homogenized on the
macro scale by model reduction with the so-called nonuniform transformation field analysis
(NTFA, originally proposed by [1]). Based on dissipative considerations, new NTFA consti-
tutive equations with even model structure, accounting for softening effects, are proposed and
validated theoretically and numerically for a homogeneous microstructure. For an accuracy
improvement, we propose two new methods: the ’uneven NTFA’ method and the ’adaptive
NTFA’ method, which introduce the additional aspects of parameter identification and adap-
tive modeling, respectively. The related numerical issues of both new methods are outlined.
Two procedures for mode identification are studied for the present case, where the modes
are actually basis functions for the reduced homogenization scheme. By means of the finite
element method (FEM), numerical examples with regard to a fiber-reinforced composite are
presented, where the accuracy and the numerical efficiency of the NTFA methods are inves-
tigated by comparison with the FEM solution. The mesh dependence of the different NTFA
methods is also studied.
References
[1] J. Michel, P. Suquent. Nonuniform transformation field analysis. International Journal
for Solids and Structures 40:6937-6955, 2003.
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08.03.2016 17:40 Dominic Soldner Schleinitzstrasse 20, Raum SN20.2
Computational Homogenisation using Reduced-Order Modelling applied to Hyperelas-
ticity
Dominic Soldner (Friedrich-Alexander-Universität Erlangen-Nürnberg), Benjamin Brands
(Friedrich-Alexander-Universität Erlangen-Nürnberg), Reza Zabihyan (Friedrich-
Alexander-Universität Erlangen-Nürnberg), Paul Steinmann (Friedrich-Alexander-
Universität Erlangen-Nürnberg), Julia Mergheim (Friedrich-Alexander-Universität
Erlangen-Nürnberg)
Computing the macroscopic material response of a continuum body commonly involves the
formulation of a phenomenological constitutive model. Yet the response is mainly influenced
by the heterogeneous microstructure. Computational homogenisation can be used to deter-
mine the constitutive behaviour on the macro-scale by solving a boundary value problem at the
micro-scale for every so-called macroscopic material point within a nested solution scheme.
Hence, this procedure requires the repeated solution of similar microscopic boundary value
problems. To reduce computational cost, model order reduction techniques can be applied.
Within this study nonlinear reduced-order modelling (ROM) for hyperelastic material is ap-
plied for the boundary value problem on the micro-scale. This involves the proper orthogonal
decomposition (POD), the Discrete Empirical Interpolation Method (DEIM) for the nonlinear
term and the sparse matrix DEIM (SMDEIM) for the respective Jacobian. The spatial discreti-
sation is carried out by means of the Finite Element Method (FEM) and boundary conditions
are imposed using a penalty formulation. The elastic tangent modulus is determined by means
of a perturbation method, enabling the direct use of the ROM. Following a common proce-
dure, the so-called snapshots, used for the POD, are taken at the converged states within the
iterative solution process. In the present context this leads for the DEIM approximation to
a-priori equilibrium of the inner nodes accompanied by not negligible errors, particularly for
the averaged stresses. In order to reduce these errors, the snapshot sets for the nonlinearities
are extended by the unconverged states, obtained during the iterative solution. This improves
the results considerably. To compare the quality of the different approximation methods, a
large set of randomly selected macro-scale deformation gradients, that do not correspond to
the snapshots, are computed using different ROM models and compared to the solution ob-
tained by the standard FEM. Considered measures are the errors of the displacement field, the
averaged stresses and the effective elasticity tensor.
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08.03.2016 18:00 Matthias Leuschner Schleinitzstrasse 20, Raum SN20.2
Reduced order homogenization for nonlinear composite materials with imperfect inter-
faces at the phase boundaries
Matthias Leuschner (University of Stuttgart), Felix Fritzen (University of Stuttgart)
Numerical homogenization schemes for nonlinear composite materials are often related to
enormous computational cost which is prohibitive for realistic three-dimensional multiscale
simulations. The high number of executions of the homogenization routine in such simulations
easily justifies the effort required for the time-consuming training of a reduced order model.
Among numerous reduced order homogenization methods in the literature, the Nonuniform
Transformation Field Analysis (NTFA) [1,2,3] is exceptional in the sense that a reduced basis
is introduced for the plastic strain field in order to account for fluctuations of the microscopic
fields. This idea has been generalized and applied to a more comprehensive class of problems
in the potential-based Reduced Basis Model Order Reduction (pRBMOR) homogenization
technique [4,5].
The pRBMOR method relies on potential-based microscale constitutive models from the class
of Generalized Standard Materials (GSM). GSM models have a variational structure which is
transferred to the macroscale. In combination with the reduced basis ansatz, the macroscale
variational problem can be solved in an efficient algorithm without costly iterations at the
microscale.
By introducing a reduced basis for the field of displacement jumps at the phase boundaries,
the pRBMOR technique has recently been extended towards microstructures with imperfect
interfaces [6]. First results for dissipative interfaces, also in combination with viscoplasticity
in the solid material, are available and will be presented.
References
[1] J.C. Michel, P. Suquet, Int J Solid Struct 40, 2003
[2] J.C. Michel, P. Suquet, Comput Method Appl M 193, 2004
[3] F. Fritzen, T. Böhlke, Int J Numer Meth Eng 84, 2010
[4] F. Fritzen, M. Leuschner, Comput Method Appl M 260, 2013
[5] F. Fritzen, M. Hodapp, M. Leuschner, Comput Method Appl M 278, 2014
[6] F. Fritzen, M. Leuschner, Comput Mech 56, 2015
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08.03.2016 18:20 Mohammad Reza Hassani Schleinitzstrasse 20, Raum SN20.2
Space-time model compression for cyclic problems
Mohammad Reza Hassani (Universität Stuttgart), Felix Fritzen (Universität Stuttgart)
Reduced order modeling has found its way into various engineering applications. The well-
reflected reduction of high-fidelity simulation models can help to attain unparalleled capa-
bilities in the many query context, i.e. for parameter studies and for multiscale problems.
Reduced basis (RB) methods aim at reducing the spatial information by trying to express
high-dimensional unknowns (e.g. the global finite element displacement vector) by low-
dimensional manifolds. An example for such an RB method for application in nonlinear
homogenization is the potential based reduced basis model order reduction (pRBMOR) [1]
which can be used to solve numerical multiscale problems on desktop computers (see [2]).In
the future we aim at using the pRBMOR also for structural problems subjected to cyclic load-
ings in the presence of nonlinearities by extending it to operate in space-time. In particular,
we are interested in solving high cycle fatigue problems at moderate numerical expense (cpu
time and memory). Therefore we investigate not only the compression of the spatial informa-
tion, but we also aim at a reduced representation of the time evolution. First investigations
regarding the identification of the reduced space-time basis are presented and the capabilities
regarding the data compression and accuracy are outlined by means of numerical examples.
[1] F. Fritzen, M. Hodapp, M. Leuschner: GPU accelerated computational homogenization
based on a variationalapproach in a reduced basis framework, Computer Methods in
Applied Mechanics and Engineering 278, p. 186-217, 2014.
[2] F. Fritzen, M. Hodapp: The Finite Element Square Reduced (FE2R) method with GPU
acceleration:towards three-dimensional two-scale simulations, International Journal for
Numerical Methods in Engineering,accepted for publication in Dec 2015.
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08.03.2016 18:40 Arnd Koeppe Schleinitzstrasse 20, Raum SN20.2
Model Reduction and Submodelling using Neural Networks
Arnd Koeppe (RWTH Aachen University), Franz Bamer (RWTH Aachen University), Bernd
Markert (RWTH Aachen University)
Although computational intelligence impacts the every day life of billions of people through
search engines and smartphones, only few research studies have investigated its application to
the finite element method [1, 2].
The present work aims at dimensionality reduction and submodelling of a finite element model
through computational intelligence. A cluster of finite elements can be interpreted as a func-
tion that maps inputs (e.g. material parameters and displacements) to outputs (e.g. loads).
Usually, this is realised by polynomial or spline functions and often complex material formu-
lations. In this research work, (artificial) neural networks are trained to simulate the structural
behaviour of a cluster of elements within an ‘intelligent’ meta-element.
Our ultimate goal is to significantly reduce finite element computation time through intelligent
elements based on neural networks.
References
[1] J. Ghaboussi, J. Garrett Jr., and X. Wu, ’Knowledge-Based Modeling of Material Behavior
with Neural Networks’, J. Eng. Mech., vol. 117, no. 1, pp. 132–153, Jan. 1991.
[2] A. A. Javadi, T. P. Tan, and A. S. I. Elkassas, ’Intelligent Finite Element Method and
Application to Simulation of Behavior of Soils under Cyclic Loading’, in Foundations of
Computational Intelligence Volume 5, vol. 205, A. Abraham, A.-E. Hassanien, and V.
Snášel, Eds. Springer Berlin Heidelberg, 2009, pp. 317–338.
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09.03.2016 08:30 Alexander Leichner Schleinitzstrasse 20, Raum SN20.2
Numerical Solution of Contact Problems in Fibrous Microstructures using the Level Set
Method on Voxel Discretizations
Alexander Leichner (Fraunhofer ITWM), Heiko Andrä (Fraunhofer ITWM), Bernd Simeon
(Technische Universität Kaiserslautern)
The aim of numerical homogenization of composite materials is to derive effective macro-
scopic material parameters, while micro mechanical problems are considered in so called rep-
resentative volume elements (RVE). This can be achieved by simulations of tensile or shear
tests. In these RVEs, often simple objects like particles and fibers are contained, which results
in a structures with pore spaces or in a network. During different load cases these objects
might get in contact with each other causing internal normal contact pressure and friction
within the porous network. These interface phemomena are not included in many elasticity
codes, such that multiple or self-overlaps of objects might occur, decreasing the quality of
the computed results. Since multibody assemblages with heterogenous materials and possible
porosity are common in this discipline, the discretization of the objects in boundary aligned
meshes is too cumbersome. Hence, the simulations are usually performed on a structured grid
(voxel discretization). During the last years, fast and robust methods for the periodic boundary
problem in elasticity have been developed and experienced great acceptance in the scientific
community, especially for homogenization [2]. Their excellent performance originates from
the exploitation of the Cartesian grid by the fast Fourier transform (FFT), which can be consid-
ered as a preconditioner on this kind of mesh. In this contribution we present how to include
contact mechanics phemomena into this discretization based on structured grids. In spite of
the presumed discretization into voxels with fixed width, we still want to represent the bound-
aries of the treated objects with regular meshes. We achieve this by a level set representaion,
which also enables us to use the well-known level set method to approximate the moving
boundaries and to detect possible collisions [1]. Standard methods for contact mechanics, e.g.
the penalty or Lagrange methods, are introduced to this matter which are employed implic-
itly by the signed distance representaion. Other, more recent methods, depending purely on
the displacement field, are considered, too, e.g. like the approach by Nitsche. In the end we
demonstrate how to adapt the contact mechanics problem such that it can be integrated in FFT
based homogenization methods.
References
[1] J.A. Sethian: Theory, Algorithms and Applications of Level Set Methods for Propagating
Interfaces, Acta Numerica (1995)
[2] H. Moulinec, P. Suquet: A numerical method for computing the overall response of non-
linear composites with complex microstructure, Comp. Meth. Appl. Mech. Engng., 157,
69-94 (1998)
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09.03.2016 08:50 Rolf Springer Schleinitzstrasse 20, Raum SN20.2
Efficient Simulation of Short Fibre Reinforced Composites
Rolf Springer (TU Chemnitz), Arnd Meyer (TU Chemnitz)
Lightweight structures became more and more important over the last years. One special class
of such structures are short fibre reinforced composites, produced by injection moulding. To
avoid expensive experiments for testing the mechanical behaviour of these composites proper
material models are needed. Thereby, the stochastic nature of the fibre orientation is the main
problem.
In this talk we look onto the simulation of such materials in a linear thermoelastic setting. So,
we use the stress-strain relation
σ = C : (ε− (θ −θ0)T),
with a fourth order material tensor C, a second order thermal expansion tensor T, the temper-
ature difference (θ −θ0), and the second order linearised strain tensor ε .
The needed material properties can be described by averaging the material properties of trans-
versely isotropic materials. In this talk we will present how this can be used for the description
of the arising stresses within such composites.
Furthermore, we look onto the above equation in a time dependent setting, i.e. θ is described
by
cρρ
∂θ
∂ t
−∇(·κ ·∇θ) =Θ,
with the material density ρ , the specific heat capacity cρ and the symmetric second order heat
conduction tensor κ . Here, κ also depends on the stochastic fibre orientation. For this setting,
we will present some numerical results.
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09.03.2016 09:10 Nicola Wessels Schleinitzstrasse 20, Raum SN20.2
Relating DEM Contact Parameters to Continuum Parameters
Nicola Wessels (Ruhr-Universität Bochum)
Although the Discrete Element Method (DEM) is already widely applied in several fields of
applications, one main challenge remains to define contact parameters that lead to realistic
material behaviour. Here, it is shown how potentials can be defined on the contact level and
from these a correlation to the macroscopic continuum parameters can be established. The
analytically formed predictions are then compared to the results of discrete element simula-
tions.
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09.03.2016 14:30 Jithender J. Timothy Schleinitzstrasse 20, Raum SN20.2
Modelling the effective permeability of microcracked materials using continuum and
lattice micromechanics
Jithender J. Timothy (Ruhr University Bochum), Günther Meschke (Ruhr University Bochum)
The viscous fluid flow properties of materials with an isotropic distribution of a large number
of microcracks can be characterized by an effective permeability. We estimate this effec-
tive permeability using the framework of mean-field homogenization methods. Within this
framework, the microcracks are modelled as inclusions in a permeable matrix material and
the corresponding microscopic pressure gradient localization functions induced by the micro-
cracks are computed using the ESHELBY matrix-inclusion technique. Using the localization
functions, we derive the effective homogenized permeability using the dilute, Mori-Tanaka,
the self-consistent and the cascade scheme [1, 2, 3]. The range of applicability of the mi-
cromechanical models are discussed using numerical simulations. It is shown that the cascade
scheme is the most accurate scheme capable of predicting a mathematically and physically
consistent effective permeability considering a percolation threshold.
References
[1] Timothy, J.J. & Meschke, G. (2015) A micromechanics model for molecular diffusion
in materials with complex pore structure. Int. J. Numer. Anal. Meth. Geomech., doi:
10.1002/nag.2423.
[2] Timothy, J.J. & Meschke, G. (2015) A Cascade Continuum Micromechanics Model
for the Effective Elastic Properties of Porous Materials. Int. J. Sol. Struct., doi:
10.1016/j.ijsolstr.2015.12.010.
[3] Timothy, J. J. & Meschke, G. (2015) Cascade Continuum Micromechanics Model for the
Effective Diffusivity of Porous Materials: Exponential Hierarchy across Cascade Levels.
Proc. Appl. Math. Mech.,15: 471–472. doi: 10.1002/pamm.201510226
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09.03.2016 14:50 Konrad Schneider Schleinitzstrasse 20, Raum SN20.2
Aspects of RVE topology, mesh discretization and boundary conditions in practical ho-
mogenization techniques for matrix-inclusion composites
Konrad Schneider (Hamburg University of Technology), Benjamin Klusemann (Leuphana
University of Lüneburg), Swantje Bargmann (Hamburg University of Technology)
The identification of effective material properties or macroscopic constitutive laws is on of
the major goals in computational micromechanics. State of the art methods are FE2-methods
or homogenization approaches utilizing unit cells. Typically, representative volume elements
(RVEs) are used to incorporate the microstructural information. In this regards, periodic model
setups featuring a fully periodic RVE topology and discretization are known to perform the
best [1, 2], and thus, are most favorable. Generating such RVEs and setting up a proper model
in the framework of finite element simulations might become a tedious task [3]. Therefore, it
is highly questionable if the tremendous effort generating such complex RVEs is justified over
other simplifications typically conducted in engineering analysis.
In the present work we investigate the effect of utilizing simpler RVE model setups to deter-
mine effective material parameters and responses.Especially the influences of different RVE
topologies, discretizations and boundary conditions are studied. The case of a fully periodic
RVE with truly periodic boundary conditions will act as a reference solution for the eval-
uations.Special emphasis is paid to so called matrix-inclusion composites, widely found in
industrial applications. General trends for linear and non-linear material behavior will be pre-
sented.
References
[1] T. Kanit, S. Forest, I. Galliet, V. Mounoury, D. Jeulin (2003). Determination of the size
of the representative volume element for random composites: statistical and numerical
approach.International Journal of solids and structures, 40, 3647-3679
[2] V. G. Kouznetsova, M. G. D. Geers, W. A. M. Brekelmans (2010). Computational homog-
enization for non-linear heterogeneous solids. Multiscale Modeling in Solid Mechanics,
1-42.
[3] Schneider, K., Klusemann, B., Bargmann S. (2015). Automatic three-dimensional geom-
etry and mesh generation of periodic representative volume elements for matrix-inclusion
composites. submitted
[4] Schneider, K., Klusemann, B., Bargmann S. (2015). Comparison on topology and bound-
ary conditions for representative volume elements: A benchmark on the example of
matrix-inclusion microstructures. submitted
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09.03.2016 15:10 Florian Bartel Schleinitzstrasse 20, Raum SN20.2
A two-scale homogenisation approach for fluid saturated porous media based on TPM
and FE2−Method
Florian Bartel (TU Dortmund University), Tim Ricken (), Jörg Schröder (), Joachim Bluhm
()
Thinking about the description of porous materials, e.g. metal foam, human tissue, plants or
sponges, we always have to take into account a global design composed of various substruc-
tures with different characteristics on a lower level. Examples of such substructures are pores
which can be saturated with fluids or gases, fibres with different orientations or cells which
can be influenced by chemical reactions. For the theoretical description of the behaviour, en-
hanced continuum mechanical models give promising approaches. Up to now, due to the high
complexity, it has not been possible to simulate these systems with only one design model.
Hence, it is necessary to think about techniques which simplify the model but still consider
the essential characteristics.
It is clear, future applications will consider the discrete microstructure of materials. For ex-
ample the topology can be received by CT-scanning and therefrom Representative Volume
Elements (RVEs) can be designed. Therefore, we are preparing the Theory of Porous Media
(TPM) for the usage in combination with the FE2−Method.
This contribution will present a two-scale homogenisation approach for fluid saturated porous
media with a reduced two-phase material model, which covers the behaviour of large poro-
elastic deformation. The main aspects of theoretical derivation for the weak form, the lower
level boundary conditions under consideration of Hill-Mandel homogeneity condition and the
averaged macroscopic tangent moduli will be pointed out and a numerical example will be
shown.
References
[1] R. de Boer and W. Ehlers. Theorie der Mehrkomponentenkontinua mit Anwendung auf
bodenmechanische Probleme. Technical report, Teil I, Forschungsberichte aus dem Fach-
bereich Bauwesen, Heft 40, Universität-GH-Essen, 1986.
[2] W. Ehlers. Poröse Medien – ein kontinuumsmechanisches Modell auf der Basis der Mis-
chungstheorie. Technical Report 47, Universität-GH Essen, 1989.
[3] Christian Miehe. Computational micro-to-macro transitions for discretised micro-
structures of heterogeneous materials at finite strains based on the minimization of av-
eraged incremental energy. Computer methods in applied mechanics and engineering,
2002.
[4] Jörg Schröder. CISM Course "Plasticity and Beyond: Microstructures. Crystal- Plasticity
and Phase Transitions", chapter A numerical two-scale homogenization scheme: the FE2-
method. Springer Verlag, 2013.
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09.03.2016 16:00 Ali Javili Schleinitzstrasse 20, Raum SN20.2
Computational Homogenization of Continua accounting for general imperfect Inter-
faces
Ali Javili (TU-Dortmund), Jörn Mosler (TU-Dortmund), Paul Steinmann (University of
Erlangen-Nuremberg)
The objective of this presentation is to establish a micro-to-macro transition framework to
study the behavior of heterogeneous materials whereby the influence of the interface at the
micro-scale is taken into account. The term “interface” refers to a zero-thickness model that
represents the finite thickness “interphase” between the constituents at the micro-scale.Therefore,
the interface is essentially a two-dimensional manifold embedded in a three-dimensional Eu-
clidean space.Due to increasing area-to-volume ratio with decreasing size, the interface as-
sumes a more pronounced effect on the material response at small scales.Hence, it is of crucial
importance to account for interfaces at the micro-scale.We show that including the interfaces
at the micro-scale introduces a length-scale into the first-order computational homogeniza-
tion.Our interface-enhanced computational homogenization framework captures the size ef-
fect in the material response that is missing in the classical computational homogenization.The
interface model in this contribution is general imperfect.Within the continuum mechanics set-
ting, interface behavior is often described using the cohesive zone model or interface elasticity
theory.The cohesive zone model allows for the jump in the deformation field across the inter-
face but, restricts the traction jump to vanish.On the contrary, the interface elasticity theory
permits the traction jump across the interface, however, it is only valid for coherent interfaces
and thus, no displacement jump at the interface is allowed.We propose a general imperfect
interface model and show that both cohesive zone model and interface elasticity theory can be
derived as two limit cases of this general model.Furthermore, computational aspects of gen-
eral imperfect interfaces using the finite element method are detailed.We establish a consistent
computational homogenization scheme accounting for general imperfect interfaces.Suitable
boundary conditions to guarantee meaningful averages and bridging between the scales are
derived.Clearly, our general framework reduces to classical computational homogenization in
its most elementary limit.Finally, the proposed theory is elucidated via a series of numerical
examples.
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09.03.2016 16:20 Julian Kochmann Schleinitzstrasse 20, Raum SN20.2
Linking macroscopic deformation processes to microstructure evolution using a direct
FE-FFT-based micro-macro transition and non-conserved phase-fields
Julian Kochmann (RWTH Aachen University), Stephan Wulfinghoff (RWTH Aachen Univer-
sity), Bob Svendsen (RWTH Aachen University), Stefanie Reese (RWTH Aachen University)
The purpose of this work is two-scale phase-field- and FE-FFT-based modeling of microstruc-
ture evolution and macroscopic material behavior [1]. The finite element method (FEM) and
finite element technology (FET) is used to solve the macroscopic initial boundary value prob-
lem (IBVP). In each macroscopic integration point the microscopic representative volume
element (RVE) is embedded, the solution of which yields microstructure evolution and lo-
cal stress-strain behavior. The microscopic IBVP is solved in an iterative fashion exploiting
fast Fourier transform (FFT), Green function and fixed-point methods [2, 3, 4]. The evolu-
tion of the microstructure is modeled by means of phase-fields, which serve to characterize
the local material composition and model structural reorientations (e.g. martensitic phase
transformations or twinning). As an example the current approach is applied to the model-
ing of martensitic phase transformations in polycrystalline materials subjected to macroscopic
deformation processes. The proposed methodology represents an efficient alternative to the
classical multiscale finite element or FE2 method linking structural behavior to microstructural
modifications.
References
[1] J. Kochmann, S. Wulfinghoff, S. Reese and B. Svendsen Proceedings of the 3rd ECCO-
MAS Young Investigators Conference on Computational Methods in Applied Science and
6th Colloquium on Computational Mechanics, (2015).
[2] H. Moulinec and P. Suquet, Comptes rendus de l’Académie des sciences. Serié II,
Méchanique, physique, chimie, astronomie 318 (11), pp. 1417–1423 (1994).
[3] J. C. Michel, H. Moulinec and P. Suquet, International Journal of Numerical Methods in
Engineering 52 (1–2), pp. 139–160 (2001).
[4] R. A. Lebensohn, A. K. Kanjarla and P. Eisenlohr, International Journal of Plasticity 32-
33, pp. 59–69 (2012).
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09.03.2016 16:40 Saba Saeb Schleinitzstrasse 20, Raum SN20.2
Aspects of Computational Homogenization at Finite Deformations
Saba Saeb (Erlangen-Nuremberg University), Paul Steinmann (Erlangen-Nuremberg Univer-
sity), Ali Javili (Stanford University)
Most of materials possess heterogeneous structures at a certain level of observation. In order
to model such materials, for which an explicit constitutive law is missing, the method of ho-
mogenization is utilized. This method is based on the fact that the macrostructure consists of
“statistically” similar microstructures, referred to as the representative volume element (RVE).
Clearly, to choose the proper RVE for most materials is not a trivial task since it needs to be
small enough to avoid huge computational cost and also, sufficiently large to contain enough
information of the composite so as to be representative.
Micro-to-macro transition here, is strain-driven in the sense that the macroscopic deformation
gradient is applied on the RVE and the macro Piola stress is calculated. The Hill–Mandel
condition is satisfied for a variety of conditions among which Taylor’s assumption, linear
displacement boundary conditions (DBC), periodic displacement and anti-periodic traction
boundary conditions (PBC), constant traction boundary conditions (TBC) and Sachs’ assump-
tion are more recognized. A comprehensive study on the influence of the choice of different
boundary conditions on the average response of the microstructure under different load types,
material ratios and distribution patterns of the inclusions is conducted.
While computational implementation of DBC and PBC are well-established, a suitable pro-
cedure to avoid singularities induced by rigid body rotations in TBC is missing. A novel
approach to rectify this well-known problem is proposed and its excellent performance is il-
lustrated via a series of numerical examples. In addition, a comparison between the proposed
approach and other available methods in the literature to tackle this problem is presented.
Finally, a full FE2 framework to study the behavior of heterogeneous materials is imple-
mented. It is shown that the asymptoticly quadratic convergence rate associated with the
Newton–Raphson scheme at both micro-scale and macro-scale is obtained.
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09.03.2016 17:00 Robert Beyer Schleinitzstrasse 20, Raum SN20.2
Homogenization of thermomechanical tread-road contact for the investigation of tire
rolling resistance
Robert Beyer (Leibniz Universität Hannover), Udo Nackenhorst (Leibniz Universität Han-
nover)
The numerical calculation of rolling resistance is a central issue in the development of energy
saving tire designs. With this technology, novel material combinations and tread geometries
can be tested virtually in order to reach this optimization goal in the most efficient way. The
main source of rolling resistance is viscous dissipation in the tire rubber, where the loss of
mechanical power causes structural heating. As the material properties of rubber are highly
temperature dependent, the mechanical response and also the dissipation varies with service
temperature. This fact demands for the rolling resistance to be calculated as a fully-coupled
thermomechanical problem. For this application, finite element frameworks that exploit the
benefits of Arbitrary-Lagrangian-Eulerian kinematics give detailed insight into the occurring
phenomena and enable a direct calculation of the stationary response, see [1].
With this novel multi-scale approach, the detailed contact interaction of single tread blocks
with the randomly rough road surface can be taken into account in rolling resistance calcu-
lations. In this contribution, a procedure for deriving constitutive contact laws is suggested,
which describe the average inelastic rough surface contact interaction in a homogenized and
energy-consistent way. Here, the first step is the solution of the unilateral, frictionless, ran-
domly rough surface contact problem of a tread block with fixed lateral displacements using a
Monte Carlo simulation.
The homogenization of the average response is then achieved by transferring the rough sur-
face contact scenario into an energy-equivalent, unilateral compression test, assuming that no
tangential forces are present. This assumption is only valid for the mean value, but not for
each realization. The kinematics of this equivalent, unilateral compression test represents the
volume averaged strain and strain rate of the tread block as a function of the prescribed pene-
tration and its rate. By means of that, the material model of the bulk material can be used for
the formulation of the constitutive contact law. The results approximate the pressure response
and the dissipation behavior well.
The developed constitutive contact model was applied in comparative studies on three-dimensional
tire models to demonstrate the capabilities of the suggested approach. Here, the influence of
surface roughness on rolling resistance is evaluated for two different road profiles and tread
geometries.
References
[1] A. Suwannachit and U. Nackenhorst, Tire Sci. Technol. 41(3), 174–195 (2013).
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09.03.2016 17:20 Mario Schmerbauch Schleinitzstrasse 20, Raum SN20.2
Direct Stiffness Assembly in the High-Fidelity Method of Cells with Interface Damage
and the Solution Algorithm for the Resultant System of Equations
Mario Schmerbauch (University of Kassel), Anton Matzenmiller (University of Kassel)
The Direct Stiffness Assembly procedure is used for the High-Fidelity Method of Cells with
Interface Damage to set up the nonlinear system of equations of the micromechanical bound-
ary value problem solved by Newton’s Method. The High-Fidelity Method of Cells is a semi-
analytical displacement-based method to solve fine scale boundary value problems, which
has been developed for multiphase materials with periodic microstructure. Interface Dam-
age is incorporated into this method by inserting zero-thickness interfaces in an already spa-
tially discretized Repeating Unit Cell, which is the fundamental building block of a periodic
microstructure. Elasto-damage traction separation models, which describe the constitutive
behavior of the interfaces, enable both crack initiation and propagation to be shown at the
predefined sites and paths between adjacent phases and within each individual phase. The
micromechanical approach at hand is used to reduce the complex damage mechanisms of the
macroscopic matrix-failure mode of unidirectional fiber-reinforced composites to two elemen-
tary processes: failure within the matrix phase and fiber-matrix debonding. The microscopic
boundary value problem is solved by transforming it into a system of algebraic equations at
first. For that, traction continuity (including periodic traction continuity) between faces of
adjacent subcells and balance of linear momentum within each discret subvolume are forced,
whereby both mentioned conditions are satisfied in an average sense. Furthermore redundant
surface-averaged displacements are eliminated at perfectly bonded faces between neighboring
solid subcells or at boundary faces. In this context, the interface is treated as an own element,
called interface subcell. It fulfills the demand for traction continuity with its adjacent solid
subcells, whose material behavior is assumed to be linear-elastic. The stepwise evaluation of
every condition, used to set up the coefficient matrix and right hand side vector of the global
system of equations, is conducted by the Direct Stiffness Assembly with location matrices
on the basis of local stiffness matrices for both subcell types, combined with the relationship
between local and global degrees of freedom. This procedure shows an efficient alternative to
former assembling techniques by means of a connectivity matrix or a rigorous collection of
every traction, displacement and equilibrium condition. The solution of the resultant nonlinear
system of equations with Newton’s Method requires the consistent linearization of it, leading
to derivatives of the interface stiffness with respect to the displacement discontinuity at the
interface level. This linearized stiffness matrix is additionally used to compute the effective
stiffness of the microstructure.
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09.03.2016 17:40 Stefan Kaessmair Schleinitzstrasse 20, Raum SN20.2
On the Computational Homogenization of Transient Diffusion Problems
Stefan Kaessmair (University of Erlangen-Nuremberg), Paul Steinmann (University of
Erlangen-Nuremberg)
Diffusion processes play a prominent role in various fields of engineering and science, de-
scribing processes like the evolution of microstructures, drug transport in biological tissues,
or the movement of Li-ions in batteries. To account for the characteristics of material sub-
structures, computational homogenization is carried out on a representative volume element
(RVE) attached to each quadrature point of a macroscopic body.
In the present contribution we address the Fickian diffusion, driven by the gradient of species
concentration. Using classical first order homogenization, the time dependent change of
species content on the microscale can be neglected due to the vanishingly small size of the
RVE, see [1]. This assumption leads to a quasi-stationary solution of the microscale problem.
Instead, we employ a variationally consistent homgenization procedure proposed in [2] which
allows the transient treatment of the microscale problem. In doing so, an additional higher
order conservation quantity next to the classical volume averages is obtained, accounting for
the finite size of the RVE.
Using a nested FE2 algorithm, the variationally consistent approach is elucidated via a series
of numerical examples highlighting the size effect and the influence of the microscale time
dependency in comparison to the quasi-stationary method of [1]. Additionally, a full resolution
model is used as benchmark for the variationally consistent formulation. The application of
various boundary conditions to the RVE is of particular interest.
References
[1] Özdemir I., Brekelmans W.A.M., Geers M.G.D. Computational homogenization for heat
conduction in heterogeneous solids. International Journal for Numerical Methods in En-
gineering 73, 185–204 (2008).
[2] Larsson F, Runesson K, Su F. Variationally consistent computational homogenization
of transient heat flow. International Journal for Numerical Methods in Engineering 81,
1659–1686 (2010).
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10.03.2016 08:30 Bernhard Eidel Schleinitzstrasse 20, Raum SN20.2
The Heterogeneous Multiscale Finite Element Method FE-HMM for the Homogeniza-
tion of Linear Elastic Solids
Bernhard Eidel (Universität Siegen, Numerische Mechanik), Andreas Fischer ()
The Heterogeneous Multiscale Finite Element Method (FE-HMM) is a general framework to
solve partial differential equations with fast oscillations in the coefficients of the stiffness ten-
sor, cf. [1]. The method is based on homogenization theory via asymptotic expansions. In the
present work we develop a twoscale finite element formulation of FE-HMM for the homoge-
nization of linear elastic solids in a geometrical linear frame. The macro stiffness is estimated
by stiffness sampling on heterogeneous microdomains in terms of a modified quadrature for-
mula, while the microdomains are coupled to the macro displacement field and additionally
are subject to periodicity boundary constraints. While previous FE-HMM formulations have
dealt with scalar-valued field problems like diffusion [2] or heat-conduction (for an overview
see [4]) we present here with the case of elasticity an FE-HMM framework for a vector-valued
field problem, where non-standard algorithmic aspects show up. The mathematical foundation
provides a decomposition of the total error into its macro-, micro-, and modeling parts along
with a-priori estimates in the H1-norm and the L2-norm, see [3] and [4]. In representative
numerical examples we verify these a-priori error estimates and demonstrate the performance
of the method.
References
[1] W. E, B. Engquist [2003], The Heterogeneous Multi-Scale Methods, Commun. Math. Sci.,
1, 87–132.
[2] A. Abdulle, C. Schwab [2005], Heterogeneous Multiscale FEM for Diffusion Problems on
Rough Surfaces, Multiscale Model. Simul., 3(1), 195–220.
[3] A. Abdulle [2006], Analysis of the Heterogeneous Multiscale FEM for Problems in Elas-
ticity. Math. Models Methods Appl. Sci., 16(4), 615–635.
[4] A. Abdulle [2009], The Finite Element Heterogeneous Multiscale Method: a Computa-
tional Strategy for Multiscale PDEs. Math. Sci. Appl., 31(31), 133–181.
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10.03.2016 08:50 Felix Diewald Schleinitzstrasse 20, Raum SN20.2
Simulation of Surface Wetting by Droplets using a Phase Field Model
Felix Diewald (University of Kaiserslautern), Charlotte Kuhn (University of Kaiserslautern),
Michaela Heier (University of Kaiserslautern), Stefan Becker (University of Kaiserslautern),
Stephan Werth (University of Kaiserslautern), Martin Horsch (University of Kaiserslautern),
Hans Hasse (University of Kaiserslautern), Ralf Müller (University of Kaiserslautern)
For the production as well as for many applications of machine components a reliable pre-
diction of wetting phenomena becomes highly important. In this context the wettability and
the so called contact angle are of interest and can be investigated using molecular simulations
with force fields. Since those molecular simulations are costly with regard to the numerical
effort they are limited to a certain length scale. The presented phase field model is intended to
transfer the knowledge from molecular simulations beyond this limitation.
The continuous order parameter of this model indicates if the gas or the liquid phase is pre-
set at a certain location. On the basis of this order parameter an energy density functional
is formulated that yields the total energy of the system. An equilibrium state is then sought
by minimizing this energy of the system using an Allen-Cahn type evolution equation. The
energy density functional is defined by three contributions. The first component includes the
separation and gradient terms which are commonly found in phase field models. The second
component adds a penalty term that controls the droplet volume. In order to be able to adjust
the contact angle between droplets and structured surfaces the third component models the
energy contribution of the component surface [1]. A regularized interpolation function [2] en-
sures the numerical applicability of the volume constraint as well as the surface contribution.
Details of the algorithmic implementation are discussed by illustrative examples. The stability
of a configuration is analyzed by the eigenvalues of the finite element system matrix.
References
[1] M. Ben Said, M. Selzer, B. Nestler, D. Braun, C. Greiner, H. Garcke: A Phase-Field
Approach for Wetting Phenomena of Multiphase Droplets on Solid Surfaces, Langmuir,
30(14), 4033–4039 (2014).
[2] N. Moelans, B. Blanpain, P. Wollants: An introduction to phase-field modeling of mi-
crostructure evolution, Calphad, 32(2), 268–294 (2008).
929

10.03.2016 09:10 Andreas Prahs Schleinitzstrasse 20, Raum SN20.2
On contrary size effects of microwires under different loading conditions
Andreas Prahs (Karlsruhe Institute of Technology (KIT)), Eric Bayerschen (Karlsruhe Insti-
tute of Technology (KIT)), Michael Ziemann (Karlsruhe Institute of Technology (KIT)), Patric
Gruber (Karlsruhe Institute of Technology (KIT)), Mario Walter (Karlsruhe Institute of Tech-
nology (KIT)), Thomas Böhlke (Karlsruhe Institute of Technology (KIT))
Recently, contrary size effects have been found in experiments on thin gold wires under tensile
and torsion loading [1]. An equivalent plastic strain gradient plasticity theory [2] is used to
perform finite element simulations of simplified grain aggregates to simulate the mechanical
response of the wires. The model incorporates a grain boundary yield condition that accounts
for the resistance of grain boundaries against plastic flow [3]. Emphasis is put on the inter-
pretation and understanding of the size effects. It is shown, that besides considering the grain
size, appropriate modeling of the texture is of central importance in explaining the contrary
size effects under tension and torsion.
References:
[1] Chen, Y., Kraft, O., Walter, M. (2015). Size effects in thin coarse-grained gold microwires under
tensile and torsional loading. Acta Mater. 87, 78-85.
[2] Wulfinghoff, S., Bayerschen E., Böhlke, T. (2013). A gradient plasticity grain boundary yield
theory. Int. J. Plast. 51, 33-46.
[3] Hirth, J. (1972). The influence of grain boundaries on mechanical properties. Metall. Mater. Trans.
B 3 (12), 3047-3067.
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10.03.2016 13:30 Anja Schlömerkemper Schleinitzstrasse 20, Raum SN20.2
About a variational analysis of a quasicontinuum method for non-convex interactions
of finite range
Mathias Schäffner (TU Dresden), Anja Schlömerkemper (University of Würzburg)
We study the validity of a prototypical example of so-called quasicontinuum (QC) methods.
These are computational techniques to reduce the complexity of atomistic simulations. The
main idea is to couple atomistic and continuum models. Here we study the validity of such a
method from a modeling point of view using variational techniques.
The system we consider is a one-dimensional chain of atoms with finite range interactions
of Lennard-Jones type. On the one hand we study the fully atomistic model as the number
of atoms becomes large. On the other hand we analyze the asymptotic behavior of a cor-
responding QC model. A comparison shows that there is an immediate coincidence in the
regime of elasticity, while the asymptotic expansions of the two models differ in the case of
fracture. However, we show that the minimal energies and the minimizers are the same if the
discretization in the continuum region of the QC model is chosen coarse enough.
This is extending earlier results for nearest and next-to-nearest neighbor interactions to finite
range interactions. For the former see:
M. Schäffner, A. Schlömerkemper, On a Gamma-convergence analysis of a quasicontinuum
method, Multiscale Model. Simul. 13, 132–172 (2015).
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10.03.2016 13:50 Barbara Verfürth Schleinitzstrasse 20, Raum SN20.2
Analysis of multiscale methods for time-harmonic Maxwell’s equations
Patrick Henning (KTH Stockholm), Mario Ohlberger (University of Münster),
Barbara Verfürth (University of Münster)
The behavior and propagation of electromagnetic fields – described by Maxwell’s equations –
is studied in many physical applications, for instance in the area of wave optics. Periodic and
locally periodic materials are considered with growing interest, for example in the application
of photonic crystals, as they can show unusual behavior, such as photonic band gaps and even
negative refraction. The project "Wave propagation in periodic structures and negative refrac-
tion mechanisms", funded by the German Research Foundation (DFG), aims at a thorough
mathematical understanding of such phenomena. Amongst analytical results in the field of
homogenization and Bloch-wave analysis, such as [2], we try to develop efficient numerical
schemes to simulate wave propagation in periodic materials and to rigorously analyze the new
algorithms and the errors they introduce.
In this talk, we present a new heterogeneous multiscale method (HMM) for the time-harmonic
Maxwell equations in locally periodic media, following [1]. The method is constructed by
using a divergence-regularization in one of the cell problems. This allows us to introduce fine-
scale correctors that are not subject to a cumbersome divergence-free constraint and which can
hence easily be implemented.To analyze the method, we first derive a new homogenization re-
sult for time-harmonic Maxwell’s equations that makes use of the divergence-regularization
in the two-scale homogenized equation.We then show that the HMM is equivalent to a dis-
cretization of this equation. In particular, writing both problems in a fully coupled two-scale
formulation is the crucial starting point for a corresponding numerical analysis of the method.
With this approach we are able to prove rigorous a priori error estimates in the H(curl)- and
the H−1-norm and we derive reliable and efficient localized residual-based a posteriori error
estimates.
References
[1] P. Henning, M. Ohlberger, and B. Verfürth. A new Heterogeneous Multiscale Method for
time-harmonic Maxwell’s equations based on divergence-regularization. arXiv e-prints,
(1509.03172), 2015.
[2] A. Lamacz, B. Schweizer.A negative index meta-material for Maxwell’s equations.arXiv
e-prints, (1509.00708), 2015.
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10.03.2016 14:10 Martin Heida Schleinitzstrasse 20, Raum SN20.2
On homogenization of rate-independent systems
Martin Heida (WIAS Berlin)
We study the stochastic and periodic homogenization of rate-independent systems of the
form
0 ∈ ∂Ψε(∂tuε)+DEε(t,uε) , (1)
where both the quadratic energy Eε and the 1-homogeneous dissipation potential Ψε are de-
fined on underlying stochastic spatial heterogeneities of order ε . Important examples from
applications are the system of Prandtl-Reuss plasticity, i.e.
−∇ ·σ ε = f , σ ε =C−1ε eε ,
∇suε +∇suDir = eε + pε , ∂t pε ∈ ∂ψ∗ε (σ ε −Bε pε) ,
but also models involving Coulomb friction and models of damage or delamination.
In our context, we assume that the functional Ψε(u) :=
∫
Qψε(x,u(x))dx is such that the
Fenchel conjugates ψ∗ε (x, ·) of the functions ψε(x, ·) have closed an convex support. Based
on the concept of stochastic two-scale convergence, we then introduce a concept of weakly
two-scale converging convex sets and prove that this class is quite general. We show that if the
supports of ψ∗ε fall into this class and if the energy Eε is quadratic, problem (1) homogenizes.
The result is then applied to the homogenization of Prandtl-Reuss plasticity, Coulomb friction
on a macroscopic surface and Coulomb friction on microscopic fissures.
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10.03.2016 14:30 Jaroslav Vondrˇejc Schleinitzstrasse 20, Raum SN20.2
Fourier-Galerkin method for homogenization of periodic media based on double grid
exact integration and orthogonal projection
Jaroslav Vondrˇejc (TU Braunschweig), Nachiketa Mishra (Indian Institute of Science), Jan
Zeman (Czech Technical University in Prague)
This contribution deals with FFT-based homogenization methods for averaging of periodic
media in elliptic setting. The original idea of Moulinec and Suquet [1] algorithm is based on
numerical solution of corresponding Lippmann-Schwinger equation (L-Se), which is a formu-
lation with Green function for a gradient of unknown field, contrary to finite element method
(FEM). The algorithm effectiveness relies on the fast Fourier transform (FFT) that is used for
integral kernel approximation. Recently, the authors reformulated the problem into standard
variational setting [2], which allowed to interpret the method as a Galerkin approximations
(GA) with trigonometric polynomials as basis functions. This Fourier-Galerkin approach,
which follows ideas of finite element method, enabled to provide theoretical results [2, 3]
such as convergence of approximate solutions and homogenized properties. Moreover, the
convergence of Conjugate gradients, observed in [4] for non-symmetric linear system derived
from L-Se, was explained; in variational setting, the system is symmetric and positive def-
inite on a subspace corresponding to curl-free functions, see [5] for a comparison to other
low-memory iterative solvers. In this contribution, we focus on the last results [6] describing
an improved version of FFT-homogenization. While the original Moulinec-Suquet method
corresponds to GA with rectangular (trapezoidal) integration rule, improved version relies on
exact integration, however, leading to full matrix on the original grid. Therefore, we have
introduced [6] a general Double Grid with Interpolation/Projection (DoGIP) technique. The
unknown solution is expressed on double grid and the numerical integration leads to block di-
agonal stiffness matrix such as in the original Moulinec-Suquet scheme, where the projection
to curl-free space is incorporated with FFT and kernel obtained from the Green function. Here
for DoGIP, the similar projection is used, however, we also project from double to original
grid. The idea of DoGIP can be generalized from Fourier-Galerkin method to other discretiza-
tion schemes. The exact integration in Fourier-Galerkin framework is possible in closed form
when Fourier coefficients of material are provided. The integration can be effectively provided
for a huge class of topologies using again FFT. One such possibility is for materials defined
via a high-resolution images.
References
[1] H. Moulinec and P. Suquet. A numerical method for computing the overall response of
nonlinear composites with complex microstructure. Computer Methods in Applied Me-
chanics and Engineering, 157(1–2):69–94, 1998.
[2] J. Vondrˇejc, J. Zeman, and I. Marek. An FFT-based Galerkin method for homogenization
of periodic media.Computers & Mathematics with Applications, 68(3):156–173, 2014.
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10.03.2016 14:50 Wojciech Kijanski Schleinitzstrasse 20, Raum SN20.2
Structural optimisation of multiscale problems based on variational sensitivity analysis
Wojciech Kijanski (TU Dortmund), Franz-Joseph Barthold (TU Dortmund)
Nowadays profitability and efficiency of practical and industrial applications and therefore of
material design is becoming a more important issue. Due to different well-known and estab-
lished approaches for analysis and simulation of complex heterogeneous materials on multiple
scales based on numerical homogenisation techniques, see [1, 2, 3] and references therein for
details, development and production of high performance materials (using 3d printers for ex-
ample) and as a consequence optimisation and design of materials is reality. The objective is
to find optimal structures with optimal material distribution under given constraints related to
posed problems and tailoring applications to their special requirements.
When it comes to structural optimisation using mathematical algorithms, sensitivity analysis
of structural response due to changes of input values provides the basis for improving struc-
tures and mechanical components. It turns out that especially the variational derivation and
formulation of necessary sensitivity relations, which are presented and discussed in [4, 5, 6]
for single scales in detail, seems to be the most promising way referred to correctness and
efficient computations. The extension to multiscale problems in terms of FE2 methods, which
allow a direct coupling of referred scales, requires the formulation of objective functions,
constraints and design variables on both scales.
The essential steps will be summarised and presented based on all necessary equilibrium and
homogenisation equations on the continuous level. After discretisation, remarks on the im-
plementation and the overall numerical framework will be given. The definition of model
problems and the formulation of possible optimisation tasks will be discussed using illustra-
tive applications. In the end representative examples will accentuate the discussion on derived
relations and efficient techniques for numerical realisations.
References
[1] T.I. Zohdi, P. Wriggers. An Introduction to Computational Micromechanics. 2nd.
Springer, 2008.
[2] J. Schröder. Homogenisierungsmethoden der nichtlinearen Kontinuumsmechanik unter
Beachtung von Instabilitäten. Bericht aus der Forschungsreihe des Instituts für Mechanik
(Bauwesen), Lehrstuhl I, Universität Stuttgart, 2000.
[3] C. Miehe, C. G. Bayreuther. On multiscale FE analyses of heterogeneous structures: from
homogenization to multigrid solvers. International Journal for Numerical Methods in
Engineering (2007, Vol. 71), 1135–1180.
[4] F.-J. Barthold Zur Kontinuumsmechanik inverser Geometrieprobleme. Habilitation,
Braunschweiger Schriften zur Mechanik 44-2002, TU Braunschweig, 2002.
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10.03.2016 15:10 Christian Schröppel Schleinitzstrasse 20, Raum SN20.2
The Logarithmic finite element method in a multigrid setting
Christian Schröppel (), Jens Wackerfuß (University of Kassel)
In the Logarithmic finite element (LogFE) method, a novel finite element approach proposed
by the authors [1], shape functions are defined on the Lie algebra of the deformation function.
Therefore, both translational and geometrically exact rotational field values at the nodes are
linear functions of the respective degrees of freedom of the finite element system.
One of the strengths of the LogFE method is its ability to model (spatial) low-frequency de-
formations accurately with a small number of degrees of freedom, while minimizing spurious
(spatial) high-frequency deformations. Due to the higher computational effort associated with
a single LogFE finite element, however, the efficiency of the overall approximation algorithm
can generally be increased by modeling the high-frequency component of the deformation
with less computationally complex finite elements.
In the standard multigrid approach, the residual resulting from the approximation of the exact
solution on a single grid, can be readily used as input for the approximation on the other grids.
This particular property arises from the fact that the deformation functions ϕtrans on each of
the grids are translational with regard to the material points (parameterized by ξ ). Thus, the
deformations functions on two grids within a multigrid algorithm commute, i.e.
x(ξ ) = ϕfinetrans (ξ )◦ϕcoarsetrans (ξ )◦x0 (ξ ) = ϕcoarsetrans (ξ )◦ϕfinetrans (ξ )◦x0 (ξ ) . (1)
As a result of the presence of rotational components, the deformation functions ϕ on two dif-
ferent grids do no longer commute in the LogFE method. However, if the spurious frequency
components associated with the approximation on a single grid can be sufficiently reduced,
i.e. a sufficiently high degree of (spatial) frequency separation is achieved, the necessary cor-
rection associated with swapping the deformation functions on two different grids reduces to
a linear transformation T, i.e.
x(ξ ) = ϕfine (ξ )◦ϕcoarse (ξ )◦x0 (ξ )≈ ϕcoarse (ξ )◦T(ξ )◦ϕfine (ξ ) ◦ x0 (ξ ) . (2)
With this transformation, which is being applied during the restriction step of the multigrid al-
gorithm, the LogFE method can be readily integrated into the existing framework of multigrid
FE implementations.
Following an exposition of the fundamentals of the LogFE method and a brief review of the
multigrid approach in finite element analysis, the presentation will focus on the implemen-
tation of the LogFE method in a multigrid context. The talk will also include the results of
numerical simulations of the mechanical behavior of carbon nanotubes (CNTs) and Super-
CNTs, based on the LogFE method in a multigrid framework, and a comparison with the
results obtained by atomistic finite element calculations [2,3].
References
[1] C. Schröppel and J. Wackerfuß, PAMM 15, 469–470 (2015).
[2] B. Liu et al., Comp Meth Appl Mech Eng 193, 1849–1864 (2004).
[3] J. Wackerfuß, Int J Num Meth Eng 77, 969–997 (2009).
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10.03.2016 17:00 Manfred H. Ulz Schleinitzstrasse 20, Raum SN20.2
Application of the string method to compute minimum energy paths for a chain of bi-
stable elements using the finite element method and molecular dynamics
Manfred H. Ulz (Graz University of Technology)
Activated processes are inherent to many problems in solid state mechanics, computational
chemistry and condensed matter physics. If a system changes from a reactant to the product
state, the configuration of the system is often more energetic along the trajectory than the re-
actant or the product. The point along the path with the highest energy is termed the transition
state and the energy difference between the transition state and the reactant is labelled the
activation energy. The rate of the reaction may be computed by an Arrhenius form, which
strongly depends on the activation energy.
The string method [1] is a simple and efficient numerical procedure to identify minimum
energy paths (MEP) in an energy landscape. The MEPs are curves on the energy landscape
connecting local minima. The curves are tangent to the gradient of the potential and identify
mountain pass curves on the landscape that provide the smallest energy increase, hence, the
transition states are revealed. The string method models the curve by a string of images, which
are allowed to move on the landscape by any sort of steepest descent character algorithm and
are regularly re-settled to keep the string’s images at a certain distance.
The computation of energy barriers between two stable minima is of importance in engineer-
ing. As a means to investigate a system with two stable minima, the mechanics of chains with
bi-stable springs [2] drew interest in the literature. In particular, the dynamics of these chains
undergoing phase transitions was investigated and the activation energy computed.
Recently a hierarchical two-scale model [3] was introduced to the literature (molecular dy-
namics coupled with the finite element method), which is used in the present work to inves-
tigate the performance of the string method in a phase transition in a copper single crystal.
A chain of bi-stable elements is created, each element having two crystal systems as stable
minima (face-centred cubic and hexagonal close-packed). The potential landscape is only
available numerically, which is explored by the string method allowing for the quantification
of the activation energy in the phase transition. Numerical examples demonstrate the perfor-
mance of the model.
[1] W. E, W. Ren, E. Vanden-Eijnden, The Journal of Chemical Physics 126, 164103 (2007)
[2] G. Puglisi, L. Truskinovsky, Journal of the Mechanics and Physics of Solids 48, 1-27
(2000)
[3] M. H. Ulz, Journal of the Mechanics and Physics of Solids 74, 1-18 (2015)
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10.03.2016 17:20 Sami Bidier Schleinitzstrasse 20, Raum SN20.2
A homogenisation strategy for micromorphic continua based on particle mechanics
Sami Bidier (University of Stuttgart), Wolfgang Ehlers (University of Stuttgart)
Materials with a granular microstructure frequently fail in narrow zones due to strain local-
isation. Examplarily, one may look at the shear-zone development in dry sand during bi-
and triaxial loading, where grains in the shear-zone exhibit large displacements and rotations.
Furthermore, localisation is also observed in materials, where the microstructure consists of
grains and a binding material, such as for example metal-casting moulds. Here, sand grains are
bound together via a polyurethan-based material and macroscopic material failure originates
in the deformation and breakage of the binder material. Within a continuum-based modelling
approach, these microstructural effects can be accounted for by the consideration of an addi-
tional microcontinuum at each material point of the macroscopic body.
These extended continuum theories, such as the micromorphic continua and its micropolar
and microstrain sub-formulations, assume a characteristic microcontinuum deformation on a
lower scale and have been successfully applied in the field of granular media. Exemplarily, in
the framework of a micropolar continua, it is possible to link particle rotations via a appropri-
ate homogenisation technique to micropolar curvature measures and likewise contact forces
to stresses and couple stresses. This method includes the introduction of a Representative El-
ementary Volume (REV) on the mesoscale between the particle and the continuum scale. In
this contribution, a homogenisation strategy based on a particle-centre-based REV definition
is presented that is generally valid for micromorphic and micropolar continua. Therefore, a
grain-binder microstructure is investigated, where particle rotations contribute to the microp-
olar part, while binder deformations yield the additional macromorphic character. Numerical
examples are given, where results from discrete-element simulations are locally averaged and
show the individual activation of the microcontinuum characteristics in the localised zones.
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10.03.2016 17:40 Igor Velcic Schleinitzstrasse 20, Raum SN20.2
Homogenization of thin structures in nonlinear elasticity
Igor Velcic (University of Zagreb)
By means of Γ convergence we discuss the derivation of lower dimensional models in nonlin-
ear elasticity doing simultaneous homogenization and dimensional reduction. In some special
case (e.g., bending rod and von Kármán plate) we are able to derive the limit model with-
out periodicity assumption on the oscillations of the material. In more complex cases (shells,
bending plate) we are able to derive the effective model only under periodicity assumption.
In these cases the model depends on the limit of the ratio between the thickness of the body
and the oscillations of the material. This series of work is done in collaboration with Peter
Hornung (TU Dresden), Stefan Neukamm (TU Dresden) and Maroje Marohnic´ (University of
Zagreb).
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10.03.2016 18:00 Patrick Wurm Schleinitzstrasse 20, Raum SN20.2
Improving the convergence behavior of hierarchical atomistic-to-continuum multiscale
models using stochastic approximation
Patrick Wurm (Graz University of Technology), Manfred H. Ulz (Graz University of Technol-
ogy)
The aim of this work is to provide an improved information exchange in hierarchical atomistic-
to-continuum models by applying stochastic approximation (SA) methods [1,2]. Multiscale
models coupling continuum mechanics and atomistics drew recently interest in the engineering
community. While partitioned-domain multiscale models incorporate finer scales to resolve
critical regions, hierarchical models make use of all scales at the entire macroscopic domain.
A typical model belonging to the latter is chosen and enhanced in this investigation.
The selected two-scale model fits in the framework of the renowned heterogeneous multiscale
method [3], which denotes a general top-down approach for designing multiscale models. On
the macroscale of the designated model, the balance equations of continuum mechanics are
solved using a non-linear finite element formulation. The microscale, on which a canonical
ensemble of statistical mechanics is simulated using molecular dynamics, replaces a classic
material formulation to capture the constitutive behavior. The microscale is practically not able
to reach thermodynamic equilibrium due to limited computational resources; a problem, which
was recently investigated in [4]. As a consequence, the model produces noise-corrupted output
due to thermal effects. This is one of the key drawbacks in coupling continuum mechanics and
atomistic simulations.
The thermal noise creates a setting that shows remarkable resemblance to an iteration scheme
known from SA, namely the Robbins-Monro iteration scheme. This resemblance justifies
the use of two averaging strategies in hierarchical multiscale modeling known to improve the
convergence behavior of SA schemes under certain, fairly general, conditions. No additional
computational cost is introduced by this approach. The effectiveness of the proposed strate-
gies implemented in a multiscale model [4] is demonstrated in a numerical example.
[1] Kushner, H. J., Yin, G. G., 2003. Stochastic Approximation and Recursive Algorithms and
Applications. New York: Springer.
[2] Spall, J. C., 2003. Introduction to Stochastic Search and Optimization: Estimation, Simu-
lation, and Control. New Jersey: Wiley.
[3] Abdulle, A., E, W., Engquist, B., Vanden-Eijnden, E., 2012. The heterogeneous multiscale
method. Acta Numerica 21, 1-87.
[4] Ulz, M. H., 2015. Coupling the finite element method and molecular dynamics in the
framework of the heterogeneous multiscale method for quasi-static isothermal problems. Jour-
nal of the Mechanics and Physics of Solids 74, 1-18.
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10.03.2016 18:20 Tobias Willerding Schleinitzstrasse 20, Raum SN20.2
Concurrent Atomistic-continuum Coupling for Multi-scale Simulation of Metals
Tobias Willerding (University of Stuttgart), Manfred Bischoff (University of Stuttgart)
Behavior of many materials shows effects that cannot be modelled on the macroscopic scale.
These effects require micro-scale modeling and often quite different computational methods
compared to those on the macro scale are used for this purpose (e. g. discrete methods instead
of continuous methods). Particularly for design of new materials, for which the lack of ex-
perimental data excludes development of purely phenomenological material laws, predictive
modeling of effects on the micro-scale may be crucial. Therefore it is attractive to combine
different computational models within one framework. This is the goal of multi-scale model-
ing of materials.
Many methods have been developed in the past to bridge the huge gap between atomistics
or molecular dynamics and classic continuum mechanics (e.g. the quasicontinuum method).
One important challenge is the modelling of atomistic effects at non-zero temperatures. The
subject of the present study is a concurrent multi-scale strategy based on similar ideas as the
FE2 approach.
The method consists of combining the FE2 concept and molecular dynamics, making it more
like FExMD. Instead of resolving the problem completely with atoms, only a number of small
molecular dynamics sub-problems are solved at each Gauss point. The kinematics of the
coarse scale is applied to the molecular dynamics sub-problem (e. g. via the deformation
gradient), which returns the constitutive behavior (e. g. in terms of resulting stresses). Both
fine and coarse scale are modelled dynamically. At the molecular level the movement of the
atoms represents a specific temperature, at the coarse-scale damping is necessary to reduce the
oscillations of the stress conveyed from molecular dynamics.
This approach has been implemented into the object oriented, modular finite element code
NumPro, developed at the institute. A number of mechanical and thermal test cases have
been calculated and the results are presented. The results match quantities obtained from the
literature. Furthermore coarsening in time and applications for non-linear static and explicit
dynamic problems are discussed.
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10.03.2016 18:40 Christian Sievers Schleinitzstrasse 20, Raum SN20.2
Variationally consistent molecular-to-continuum homogenization suitable for thermo-
mechanically coupled continua
Christian Sievers (Helmholtz Zentrum Geesthacht), Jörn Mosler (TU Dortmund)
The thermo-elastic properties of continua are defined by their underlying atomic structure.
Within this talk, a general homogenization framework for the determination of such proper-
ties based on molecular dynamics computation is presented. The framework is variationally
consistent. To be more precise, both scales (atomistic and continuum) are coupled by means of
the principle of energy equivalence. In contrast to frequently applied atomistic-to-continuum
homogenization schemes such as the Universal Binding Energy Relation, full relaxation, i.e.,
equilibrium, is accounted for at both scales. Equally importantly, definitions of local stresses
or strains within the molecular dynamics simulations are not required. By way of contrast,
only the total energy of the atomistic representative volume element enters the homogeniza-
tion approach. Accordingly, this approach can also be applied to density functional theory.
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11.03.2016 08:30 Franz Hirsch Schleinitzstrasse 20, Raum SN20.2
Modelling of failure in rough interfaces
Franz Hirsch (Technische Universität Dresden), Markus Kästner (Technische Universität
Dresden)
The application of fiber reinforced polymers (FRP) in lightweight structures requires an effi-
cient multi-material design to realize resource-efficient manufacturing processes. In particular
the joint between FRP and metal components is a critical point where failure often initial-
izes. There exist established technologies like bolted or rivetted joints where the connection is
reached through an additional process step in combination with unintended material damage.
Promising solutions are approaches that use an interfacial interlock of the different materials
which is created during the manufacturing process of the FRP. Since the overall interface prop-
erties are affected by features of different length scales, numerical simulation techniques are
a suitable means to investigate local phenomena like a certain interface roughness. Previous
investigations have study the crack propagation along a sinusoidal interface where a depen-
dence of the macroscopic fracture toughness and the interface roughness was found [1].
In this contribution, the inelastic interface behavior between an aluminum component and a
carbon fiber reinforced polyamide is considered. We study different local phenomena and
their effects on the overall interface characteristics, e.g. the strength of the polymer-aluminum
interface and the surface roughness. Since there is a large separation of length scales between
the microstructure and the macroscopic FRP-metal joint, we employ a numerical homogeniza-
tion approach [2] to predict effective interface properties.
To this end, characteristic interface parameters are derived from scans of the sandblasted alu-
minum surface. They are used to generate numerical models of the interface topology. In
addition to simple sinusoidal shapes, randomly distributed surfaces with equivalent roughness
properties were considered. The description of the local material structure is based on the
finite element method in combination with cohesive elements. This allows the consideration
of discontinuities within the material due to interface failure.
The presented method enables the modeling of interface failure and the extraction of effective
traction-separation relations with consideration of different strengths in normal and tangential
direction. Case studies show the influence of individual roughness and material parameters.
Acknowledgments:The present project is supported by the German Research Foundation
(DFG) within the Priority Programme (SPP) 1712. This support is gratefully acknowledged.
References
[1] F.A. Cordisco, P.D. Zavattieri, L.G. Hector, A.F. Bower, Toughness of a patterned inter-
face between two elastically dissimilar solids, ENG FRACT MECH 96 (2012), 192–208.
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11.03.2016 08:50 Ahmad Al-Qudsi Schleinitzstrasse 20, Raum SN20.2
Finite Element Modeling of Rubber Hysteretic Friction on Random Rough Rigid Sur-
faces
Ahmad Al-Qudsi (TU Braunschweig), Roland Kruse (TU Braunschweig), Laura De Lorenzis
(TU Braunschweig)
The main component of rubber friction on rough surfaces is the so-called hysteresis. Hys-
tereticfriction originates from internal energy dissipation taking place in the bulk of the mate-
rial because of the pulsating forces induced by surface asperities.
A few investigations recently addressed rubber hysteretic friction by applying multi-scale ap-
proaches, see e.g. [1,2]. These investigations considered friction on a sinusoidal rigid sur-
face,with the latter being seen as an elementary component of a real rough surface. Recent
results,also focusing on sinusoidal surfaces, showed that hysteretic friction depends strongly
on themean square slope of the asperity [3]. However, real rough surfaces have a complex ge-
ometryand those of interest for this investigation (i.e. road surfaces) are generally considered
to be fractal in nature.
The aim of this contribution is to study rubber hysteretic friction on random rough surfaceswith
finite element modeling combined with some experimental observations. A profilometeris
used to measure the real roughness for asphalt specimens. The surface data are then com-
paredto the statistics of a self-affine surface [4], thereby extracting the relevant descriptivepa-
rameters including the Hurst coefficient, the correlation length and the root mean squared-
height of the surface. In the finite element investigation, we seek a method to efficiently
compute a macroscopic coefficient of hysteretic friction while accounting for the fractal na-
ture of the surface.
Acknowledgments
The authors gratefully acknowledge the support of the European Research Council (ERC start-
ingresearcher grant "INTERFACES", Grant Agreement No. 279439).
References
1. Wriggers, P.; Reinelt, J.: Multi-scale approach for frictional contact of elastomers on-
rough rigid surfaces. Computer Methods in Applied Mechanics and Engineering, 198:1996-
2008, 2009.
2. De Lorenzis, L.; Wriggers, P.: Computational homogenization of rubber friction on-
rough rigid surfaces. Computational Materials Science, 77:264-280, 2013.
3. Scaraggi, M.; Comingio D.; Al-Qudsi, A.; De Lorenzis, L.: The influence of geometri-
caland rheological non-linearity on the calculation of rubber friction, in preparation.
4. Heinrich, G.; Klüppel, M.; Vilgis, T.A.: Evaluation of self-affine surfaces and theirim-
plication for frictional dynamics as illustrated with a Rouse material. Computationaland
Theoretical Polymer Science 10:53-61, 2000.
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11.03.2016 09:10 Ronny Lang Schleinitzstrasse 20, Raum SN20.2
Multiscale Simulation for Description of Rubber Friction
Ronny Lang (TU Dresden), Korbinian Falk (), Michael Kaliske ()
The interaction between tire and road generates all transferable forces, which are necessary for
driving dynamics and safety. These forces are based on the friction between rubber material
and pavement surface and depend on the roughness of the pavement, the slip velocity, the con-
tact pressure and the temperature. Based on the finite element method, the friction coefficient
is calculated by numerical simulation. In the process, the roughness of the pavement surface
is described by the height difference correlation function (HDCF), which allows partitioning
in different length scales.
This multiscale approach is suitable to understand the friction phenomena. These phenomena
are hysteresis friction based on dissipation inside the rubber material and adhesion friction,
which describes the direct bonding between two materials.
Given, that the material parameters of rubber highly depend on temperature and the frictional
dissipation lead to a warming of the rubber, the provision for these effects is necessary for a
realistic desciption of friction.
The method allows an understanding of the friction phenomena on the microscale like the real
contact area or the microscopic contact pressure. Also, the temperature distribution inside the
tire cross-section can be illustrated.
The resulting coefficient of friction is validated with experimental data based on linear friction
tests and compared to analytical solutions.
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11.03.2016 08:30 Rainer Glüge Schleinitzstrasse 23, Raum SN23.2
Effective plastic properties of laminates made of von Mises-elastoplastic layers
Rainer Glüge (Universität Magdeburg)
The effective elastic behavior of laminates is well understood [1, 2, 3, 4]. In this contribution,
we show that the elastic homogenization can be extended relatively easy to the plastic case.
With the aid of stress concentration tensors, the effective yield limit is calculated, and its
properties are examined. It turns out to be anisotropic, pressure-dependent and non-smooth.
Further, the effective plastic flow behavior is given by a set of coupled nonlinear ordinary
differential equations. A general solution of this ODE system with algebraic conditions can
hardly be given. However, it is well possible to examine some properties of its solution without
calculating it explicitly, such as the poles. The latter allow to extract the ultimate loading stress
in monotonic stress-driven tests.
References
[1] Tartar, L., 1985, Estimations fines des coefficients homogénéisés, Ennio di Giorgi Collo-
quium: Papers presented at a colloquium held at the H. Poincaré institute in Nov. 1983,
pp. 168–187.
[2] Francfort, G. and Murat, F., 1986, Homogenization and optimal bounds in linear elasticity,
Archive for Rational Mechanics and Analysis 94(4), pp. 307–334.
[3] Milton, G.W. The Theory of Composites, Cambridge University Press 2002.
[4] Glüge, R. and Kalisch, J., 2014, The effective stiffness and stress concentrations of a
multi-layer laminate, Composite Structures 111, pp. 580–586.
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11.03.2016 08:50 Christian Dammann Schleinitzstrasse 23, Raum SN23.2
Determination of effective properties for CFRP curing coupled to viscoleasticity based
on a three-scale framework
Christian Dammann (Paderborn University), Rolf Mahnken (Paderborn University)
Our work presents a three-scale model for temperature-dependent visco-elastic effects accom-
panied by curing, which are important phenomena in a resin transfer molding (RTM) pro-
cess.The effective bulk quantities in dependence on the degree of cure are obtained by homoge-
nization for a representative unit cell (micro-RVE) on the heterogeneous microscale. To
thisend, an analytic solution is derived by extension of the composite spheres model [1]. Voigt
and Reuss bounds resulting from the assumption of a homogeneous matrix poposed in [2]
are compared to the effective quantities. During curing and subsequent mechanical loading,
the periodic mesostructure defined by a visco-elastic polymeric matrix and linear-thermo-
elastic carbon fibres is taken intoaccount as a representative unit cell (meso-RVE) subjected
to thermo-mechanical loading onthe mesoscale. Homogenization of the mesoscale by vol-
ume averaging is applied to obtainthe effective properties for the fully cured composite on
the macroscale, e.g. the macroscopic anisotropic thermal expansion coefficient in [3]. In the
examples weuse DSC-measurements for parameter identification and simulate the curing pro-
cess as well asmechanical loading of the cured part with the finite-element-method.
[1] R. M. Christensen (1979), ”Mechanics of Composite Materials”,John Wiley and Sons,
New York.
[2] R. Mahnken [2013], ” Thermodynamic consistent modeling of polymer curing coupled to
visco-elasticity at large strains”, International Journal of Solids and Structures 50(13), 2003–
2021.
[3] C. Dammann, R. Mahnken [2015], ”Mesoscopic modeling of the RTM process for homog-
enization”, Coupled Problems in Science and Engineering, VI, 713–724.
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11.03.2016 09:10 Jose York Schleinitzstrasse 23, Raum SN23.2
Determination of Effective Properties of MMC by Computational Homogenization
Jose York (University of Kaiserslautern)
Metal Matrix Composite (MMC) materials possess a high elastic strength and modulus in
comparison to their weight. These macroscopic properties are governed by the microstucture.
The machining of those materials is challenging due to thermal loads, excessive wear of the
cutting tool and subsequent damage of the surface of the material induced by the hard re-
inforcement particles within the MMC [1]. These reasons motivate a detailed study of the
complex interactions between the hard inclusions and the matrix, as well as the effective
macroscopic properties.In order to face this multilevel problem different approaches can be
followed. A brute force classical finite element discretization of the whole macroscopic body
including the microstructure is generally too expensive. Another way is the development of
a macroscopic constitutive model, which does not explicitly take the microstructure into ac-
count [2].The use of a multiscale constitutive modeling approach seems to be the appropriate
option, in which the microstructure is considered on the macrolevel by a representative volume
element (RVE) of the microstructure attached to each Gauß point on the macrolevel. A homog-
enization technique to couple both scales is required.The microscopic boundary value problem
will be solved using periodic boundary conditions. The RVE will be numerical homogenized
in order to compute effective plastic material properties of MMC. Special attention is given
to the hardening behaviors,which is relevant for machining properties. The dependency of the
answer of the RVE on the geometrical characteristics of the MMC (such as volume fraction)
and the elasto-plastic properties of the metal matrix, is determined. A parameter identification
is carried out by comparing the strain-stress curve of the RVE to experimental data. To demon-
strate the performance of the method, illustrative numerical examples will be presented.
References
[1] Smaga, M., Walther, F. and Eifler, D.: Monotonic and Cyclic Deformation Behaviour
of the SiC Particle-Reinforced Aluminium Matrix Composite AMC225xe**, Advanced
Engineering Materials, 12(4), 262-268 (2010).
[2] Zhang, X., Zhang, Q., Zangmeister, T., Xiao, B., Andrä, H. and Ma, Z.: A three-
dimensional realistic microstructure model of particle-reinforced metal matrix compos-
ites, Modelling and Simulation in Materials Science and Engineering, 22(3), 035010,
(2014).
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08.03.2016 08:30 Lars Ostermann Altgebäude (Schleinitzstrasse), Raum SN19.7
Numerische Strömungsanalyse und Optimierung von Kraftwerksbuchten bei
Laufwasserkraftanlagen
Lars Ostermann (TU Braunschweig), Christian Seidel (TU Braunschweig)
Für den wasserbaulichen Entwurf von Wasserkraftanlagen und ihre strömungsmechanische
Optimierung werden neben dem rein auf Erfahrungswerten basierenden Entwurf vor allem
experimentelle Untersuchungen am physikalischen Teilmodell oder Vollmodell im Wasser-
baulabor eingesetzt. Strömungsmechanische Untersuchungen mit Hilfe numerischer Strö-
mungsprogramme auf der Basis von 2D- und 3D-Verfahren kommen teilweise auch zum Ein-
satz. Bei den 2D-Verfahren eignen sich besonders Flachwassergleichungsbasierte Verfahren,
da für diese Verfahren auf Grund ihrer weitverbreiteten Anwendung bei der Untersuchung
strömungsmechanischer Fragestellungen im Wasserbau eine Vielzahl von Erfahrungswerten
vorliegt, die häufig durch Insitu-Messungen verifiziert sind. Speziell für die Untersuchung von
Hochwasserereignissen und bei der Untersuchung von Sedimenttransport werden die Flach-
wassergleichungsbasierten Verfahren erfolgreich eingesetzt.
Im Rahmen der Errichtung einer Forschungswasserkraftanlage für die an der TU Braun-
schweig entwickelte Schlüsseltechnologie der Hochleistungswasserräder wurde für die nu-
merische Simulation der Wasserkraftanlage ein Strömungsmodell auf der Basis von Flach-
wassergleichungen mit Berücksichtigung von Sohl- und Wandreibung mit der Manning-Zahl
entwickelt, mit dem sowohl die Kraftwerksströmung als auch der Einfluss der Wasserkraftan-
lage und ihres Betriebes auf den lokalen Flussabschnitt untersucht werden kann. Für die
Diskretisierung der tiefengemittelten Flachwassergleichungen kommt ein Finite-Volumen-Ver-
fahren zum Einsatz, wobei der Flussvektor mit dem HLL-MUSCL-Ansatz berechnet wird und
die Zeitintegration mit einem expliziten Verfahren erfolgt. Die Diskretisierung des Berech-
nungsgebietes als unstrukturiertes Dreiecksnetz ist mit einem iterativen, optimierten Netzgen-
erator für beliebige Gebietsgeometrien mit lokaler Netzverfeinerung umgesetzt.
In den Arbeiten [1,2] ist grundsätzlich gezeigt, dass mit Flachwassergleichungsbasierten Ver-
fahren auch strömungsmechanische Optimierungen von Wasserkraftanlagen möglich sind. Hi-
erbei erfolgt schwerpunktmäßig in [2] die numerische Untersuchung und Optimierung für den
Kraftwerkstrennpfeiler, da dieser die Ausbildung der Kraftwerksströmung bei einer Wasser-
kraftanlage maßgeblich bestimmt und damit einen entscheidenden Einfluss auf die Funktions-
fähigkeit und den Wirkungsgrad der Anlage besitzt.
Ebenfalls von großer Bedeutung für die gleichmäßige Kraftwerksan- und –abströmung ist
die Ausführung der Ober- und Unterwasserbucht. Darüber hinaus bestimmt die Form der
Kraftwerksbucht in Kombination mit dem Trennpfeiler maßgblich die für die Rechenanlage
entscheidende Einströmung aus dem Fließgewässer und die für die Ufer- und Sohlstabilität
maßgebliche Ausströmung des Kraftwerkdurchflusses in das Fließgewässer.
Bei der strömungsmechanischen Untersuchung der geplanten Forschungskraftanlage wird da-
her mit Hilfe des entwickelten 2D-Strömungsmodells neben dem Kraftwerkstrennpfeiler auch
der Formeinfluss der Ober- und Unterwasserbucht untersucht, um deren Einfluss auf das hy-
draulische Verhalten der Wasserkraftanlage zu bewerten und die Buchtform zu optimieren.
Hierbei erfolgt eine Herausarbeitung der wesentlichen Optimierungskritierien und der Vorge-
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08.03.2016 08:50 Stefan Descher Altgebäude (Schleinitzstrasse), Raum SN19.7
Transient contraction flow of a nonlinear viscoelastic fluid
Stefan Descher (University of Kassel), Olaf Wünsch (University of Kassel)
In simulations of polymer melt flows nonlinear Maxwell-type models are often used. For
several benchmarks their steady state behavior is well investigated. In this case it is advan-
tageous to suppress their transient behavior by numerical relaxation to decrease computation
time. However, this behavior turns out to be interesting even in simple geometries e.g. shown
in [1]. To discuss this, simulation results of a non-steady pressure driven contraction flow with
a PTTE-model [2] are presented. These include studies of model parameters like anisotropic
mobility and relaxation time.
The calculations are performed using foam-extend-3.1 [3], a version of OpenFOAM con-
taining extensions contributed by the user community. The solver that was composed uses
the block-coupled matrix support [4] that is provided in this version. It enables an efficient
pressure-velocity coupling that is usually expensive for laminar flows when done segregated.
The polymer stress is coupled with a partitioned method in which the log-conformation refor-
mulation [5] is applied.
References
[1] N. Waters, M. King: Unsteady flow of an elastico-viscous liquid. Rheol. Acta 9 (1970).
[2] N. Phan Thien: A Nonlinear Network Viscoelastic Model. J. Rheol. 22, 259 (1978).
[3] The OpenFOAM® Extend Project: www.extend-project.de
[4] K. Jareteg, V. Vukcevic, H. Jasak: pUCoupledFoam - an open source coupled incompress-
ible pressure-velocity solver based on foam-exted. 9th OpenFOAM® Workshop (2014).
[5] R. Fattal, R. Kupferman: Constitutive laws for the matrix-logarithm of the conformation
tensor. J. Non-Newtonian Fluid Mech. 123 (2004).
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08.03.2016 09:10 Roger Aragall Altgebäude (Schleinitzstrasse), Raum SN19.7
Study of Yield-Pseudoplastic Fluids Transition to Turbulence in Eccentric Annular
Pipes Including Rotation
Roger Aragall (Clausthal University of Technology), Hakim Haider (Clausthal University
of Technology), Juan Miguel Blanco (Polytechnic University of Valencia), Gunther Brenner
(Clausthal University of Technology), Roland May (Baker-Hughes), Thomas Dahl (Baker-
Hughes)
The flow of yield-pseudoplastic fluids in eccentric annuli including inner pipe rotation is com-
monly found in the drilling technique. An accurate prediction of the pressure losses taking
place in these flows is crucial to avoid formation fracture or well-control problems. Several
correlations for the friction factors in these conditions obtained experimentally and numer-
ically are available (Haciislamoglu & Langlinais (1990), Reed & Sas-Jaworsky (1996) or
Pilehvari & Serth (2009)). For almost any of its flavors, these are divided in a correlation
considering the laminar regime and one for the turbulent regime. Determining when to switch
to any of them is still a subject of current debate (Metzner & Reed (1955), Ryan & Johnson
(1959), Slatter (1999), Desouky & Al-Awad (1998) or Güzel et al. (2009)). In this contri-
bution, experimental data are presented to shed new light on the phenomena governing the
transition from laminar to turbulent regime in the previously described conditions. The data
are obtained from measurements performed on a newly developed flow loop with adjustable
eccentricity. Furthermore, rotation up to 150 rpm was applied on the inner pipe. Three fluids
covering Newtonian, pseudoplastic and yield-pseudoplastic behavior were used during the ex-
periments. Temperature and rheological measurements were performed in the experiments to
fully characterize them. Three 1 Pa-resolution differential pressure transducers were installed
to measure the pressure-gradient at three different points along the annulus. An electromag-
netic flow meter was used to measure the volumetric flow in the loop. Additionally, a particle
image velocimetry (PIV) system was arranged to supply supporting data on the determination
of the turbulence onset. The system was able to measure flow fields parallel to the axis of the
loop and through appropriate post-processing it supplied velocity profiles at 7 meters from the
test pipe entrance. Results show a significant effect of rotation on the pressure-losses taking
place at the transitional region. The generalized hydraulic calculation of Pilhevari & Serth
(2009) supplies accurate predictions of the pressure losses as long as the flow is fully laminar
or fully turbulent. More explanations will be elucidated in the full paper.
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08.03.2016 17:00 Stefan Braun Schleinitzstrasse 23, Raum SN23.3
On the initial phase of the triple deck stage in marginally separated flows
Stefan Braun (TU Wien), Stefan Scheichl (TU Wien)
The method of matched asymptotic expansions is used to investigate marginally separated
boundary layer flows (laminar or alternatively transitional separation bubbles) at high Reynolds
numbers. Typical examples include, among others, the flow past slender airfoils at small to
moderate angels of attack and channel flows with suction. As is well-known, classical (hierar-
chical) boundary layer computations usually break down under the action of an adverse pres-
sure gradient on the flow, a scenario associated with the appearance of the Goldstein separation
singularity. If, however, the parameter controlling the strength of the pressure gradient (the
angle of attack or the relative suction rate in the examples mentioned above) is adjusted, i.e.
reduced, accordingly, the application of a local viscous-inviscid interaction strategy is capable
of describing localized boundary layer separation. Moreover, taking into account unsteady
effects and flow control devices allows the investigation of the conditions leading to forced or
self-sustained vortex generation and the subsequent evolution process culminating in bubble
bursting. Within the asymptotic formulation of this stage bubble bursting is associated with
the formation of finite time singularities in the solution of the underlying equations and a cor-
responding break down. The distinct blow-up structure gives rise to a fully non-linear triple
deck interaction stage featuring shorter spatio-temporal scales characteristic of the successive
vortex evolution process. The paper will focus on the numerical treatment of the initial phase
of the latter stage.
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08.03.2016 17:20 Jan-Niklas Hau Schleinitzstrasse 23, Raum SN23.3
Symmetry analysis in linear hydrodynamic stability theory
Jan-Niklas Hau (TU Darmstadt), Martin Oberlack (TU Darmstadt)
Since Reynolds’ pioneering experiment in 1883 the transition from a laminar to a turbulent
state in shear flows has attracted the interest of generations of scientists. A classical approach
to stability problems consists of assuming a laminar base flow, which a small perturbation is
superposed. The famous normal mode approach was derived by Orr in 1907. Here, periodic
modes are considered that travel in the streamwise direction. However, for numerous shear
flows the results lead to deceptive conclusions. In the 1990s the limiting nature of the this ap-
proach was recognized and the non-normal nature of shear flows revealed ([1] and references
herein). In fact, the non-normal operators involved in the modal analysis of plane shear flows,
result in the non-orthogonality of the corresponding eigenfunctions, thus, strong interference
phenomena among the eigenmodes. The non-modal approach, shifting the emphasis from the
asymptotic to the short-time dynamics, became a well established alternative and is exten-
sively used thereby investigating the system’s response to initial conditions (see e.g. [3]).
The linearized (gas-dynamical) equations for a base flow with a non-uniform velocity profile
(U(y) = Ay, A=const.) are given by
ρt +Ayρx+ux+ vy = 0
ut +Ayux+Av+ c2sρx = 0
vt +Ayvx+ c2sρy = 0 .
where u and v are the perturbation velocities in streamwise (x) and cross-stream (y) direc-
tion, ρ the density perturbations and cs the constant speed of sound. However, the further
analysis holds equally for the incompressible formulation. We apply Lie point symmetry
analysis, which has been applied successfully in the area of fluid mechanics [2]. The 2-D op-
timal system is determined for the symmetry algebras obtained through classification of their
subalgebras. These are then used to systematically derive invariant solutions in the context
of linear stability of a 2-D linearly-sheared unbounded flow. We obtain the normal mode,
the Kelvin mode and two novel enhanced approaches. Either of the four found ansatz func-
tions transforms the initial set of partial differential equations (PDEs) into ordinary differential
equations (ODEs), written in invariant coordinates.
The most general Lie group of point transformations admitted by the system of PDEs is a
4-parameter group G4 (obtained by using the MAPLE symbolic platform), which reads
X1 = ∂x, X2 = ∂t , X3 = At∂x+∂y, X4 = u∂u+ v∂v ,
X1 and X2 are time and space translation symmetries, X3 the scaling symmetry (arbitrary con-
stant C) and X4 a symmetry that is restricted to the chosen base flow. The Lie algebra g4 is
associated with G4 and can be represented by the set of all the generations {Xi}, i = 1 . . .4.
As the generator X4 commutes with all other operators, i.e., composes a center of G4, the op-
timal system of subalgebras of the group G4 can be easily constructed by firstly classifying
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08.03.2016 17:40 Markus Scholle Schleinitzstrasse 23, Raum SN23.3
A non-conventional discontinuous Lagrangian for viscous flow
Markus Scholle (Hochschule Heilbronn), Florian Marner (Heilbronn University)
Although many attempts for finding a variational formulation of Navier-Stokes equations have
been made, a Lagrangian for viscous flow has not been established yet. An auspicious sug-
gestion was made by Scholle [1] by extending Seliger and Whitham’s Lagrangian [2] with
additional terms ending up with some partial success: on the one hand, the phenomenon ‘vis-
cosity’ occurs in a qualitatively correct manner, on the other hand the equations of motion
resulting from the variation of Hamilton’s principle differ from Navier-Stokes equations and
therefore, their solutions reveal noticeable quantitative differences to those of Navier-Stokes
equations. In this paper the Lagrangian [1] is modified by applying an innovative idea by An-
thony [3], motivated by the reformulation of the Lagrangian in terms of complex fields, which
can also be understood as the inversion of Madelungs idea [4] of reformulating the complex
Schrödinger’s equation into a hydrodynamic form. The prize one has to pay is that the re-
sulting Lagrangian is discontinuous and therefore the mathematical treatment of the related
variational problem challenging. However, it is demonstrated that the resulting solutions are
much closer to the solutions of Navier-Stokes equations than the solutions resulting from [1].
In fact, they tend to the solutions of Navier-Stokes equations if one parameter, interpreted as
relaxation time toward local thermodynamic equilibrium, tends to zero. This confirms An-
thony’s assumption, that a proper description of dissipative processes in Lagrange formalism
requires the embedding of non-equilibrium thermodynamics [3].
References
[1] M. Scholle. A variational approach for viscous flow, Proceedings of the Heilbronn Work-
shop on Research in Mechatronics, Ed.: P. Ott, Heilbronn University. (2013), 1-8.
[2] R. Seliger, G. B. Witham. Variational principles in continuum mechanics. Proc. R. Soc.
Lond. A 305. (1968), 1-25.
[3] K.-H. Anthony. Hamilton’s action principle and thermodynamics of irreversible processes
– a unifying procedure for reversible and irreversible processes. J. Non-Newt. Fluid Mech.
96 (2001), 291-339.
[4] E. Madelung. Quantentheorie in hydrodynamischer Form. Zeitschrift für Physik 40.
(1927), 322-326.
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08.03.2016 18:00 Florian Marner Schleinitzstrasse 23, Raum SN23.3
Integration of Navier-Stokes equations based on auxiliary tensor fields
Florian Marner (Heilbronn University), Markus Scholle (Heilbronn University)
In [1] a first integral of the complex-valued two-dimensional Navier-Stokes equations was
obtained by introduction of an auxiliary scalar potential field; a formulation which has been
employed in [2] to solve a problem of film flow via an adapted finite element method. Con-
sidering the real-valued first integral representation in tensor notation intuitively suggests a
similar integration procedure involving a tensor-valued auxiliary field instead, thus allowing
for an extension to three-dimensional and unsteady flow. The implications of the resulting
field equations are discussed along with possible utilisations.
References
[1] M. Scholle, A. Haas, P.H. Gaskell. A first integral of Navier-Stokes equations and its
applications. Proc. Roy. Soc. A 467. (2011), 127–143.
[2] F. Marner, P.H. Gaskell, M. Scholle. On a potential-velocity formulation of Navier-Stokes
equations. Phys. Mesomech. 17(4). (2014), 341-348.
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08.03.2016 18:20 Jens Krauss Schleinitzstrasse 23, Raum SN23.3
The Development of Transitional Flow Structures along a Pipe in the Decay and Growth
Regimes
Jens Krauss (Friedrich-Alexander-Universität Erlangen-Nürnberg), Özgür Ertunç (Özyeg˘in
University), Hermann Lienhart (Friedrich-Alexander-Universität Erlangen-Nürnberg), An-
tonio Delgado (Friedrich-Alexander-Universität Erlangen-Nürnberg)
In the last two decades, transition phenomena in pipe flow attracted increasingly researchers
owing to its non-linear behavior and the different types of structures occurring during tran-
sition. When a fully developed pipe flow is disturbed locally with an amplitude higher than
a certain threshold, this disturbance might evolve a rich variety of structures along the pipe.
Below the critical Reynolds number the disturbance either decays directly or first forms a puff
and then decays further downstream in the pipe. Above the critical Reynolds number, the
disturbance evolves to a puff and this puff may undergo splitting as the structure moves along
the pipe. At a certain even higher Reynolds number the disturbances evolve directly to slug
structures. We present a structure tracking method we developed based on hot-wire sensors
installed along the pipe. This method was incorporated in a pipe flow facility of length 3200
D that delivers consistent probability data of decay, growth and splitting of puffs. The pipe
is equipped with 36 hot-wire sensors and due to the long observation time it delivers a highly
reliable basis for the statistical analysis of lifetime and splitting of the different structures.In
the present study, we will report the statistics of the evolution of the structures in decay and
growth regimes. To this end, tests with about 100.000 valid realizations have been performed
in the Reynolds number range between 1800-2620. In the statistical analysis, emphasize will
be given to probability, characteristic lifetime, speed and length of the structures.
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08.03.2016 18:40 Philipp Brockmann Schleinitzstrasse 23, Raum SN23.3
Similarities and differences in the shift from a Tollmien-Schlichting to a centrifugal
instability between the inner and the outer rotation spiral Poiseuille flow.
Philipp Brockmann (Ruhr-University Bochum, Chair of Hydraulic Fluid Machinery),
Jeanette Hussong (Ruhr-University Bochum, Chair of Hydraulic Fluid Machinery),
Venkatesa I. Vasanta Ram (Ruhr-University Bochum, Laboratory of Fluidmechanics, Ger-
many)
This contribution compares the characteristics of the transition mechanisms in pressure driven
annular spiral Poiseuille flow, where either the inner or the outer cylinder is rotating, through a
linear stability analysis. In the works of Cottrel and Pearlstein and Cottrel et al. a discontinuity
in the slope of the critical Taylor vs. the Reynolds number, connected to a wavenumber jump,
was detected at a certain ratio of inner-rotation and axial flow [1, 2]. They assumed this point to
mark the switch from a Tollmien-Schlichting’s type of transition (shear instability) - associated
with a critical layer - to a “centrifugal instability” mechanism - connected with high azimuthal
wavenumbers [1, 2]. Here we show that a critical layer exists up to this point and vanishes
across the wavenumber jump. For this purpose we derive an expression for the position of
the critical layer containing the effects of swirl and curvature (radius ratio). Furthermore
according to the Rayleigh criterion for centrifugal instability, it may be expected that outer
rotation has an monotonic stabilising effect on the basic flow. Opposed to this, computations
of Meseguer and Marques (radius ratio: η = 0.5) [3] and of the present authors (radius ratio:
0.16≤ η ≤ 0.98) revealed that outer rotation can destabilize the basic flow in a similar manner
- also related to a wavenumber jump - as the inner rotation. A compact and explanatory
approach to grasp and confirm the role of the centrifugal effects is therefore presented: Based
on the analysis of the Reynolds shear stress transport equations we show, that in both cases -
inner or outer rotation - the wavenumber jump corresponds with basically the same instability
mechanism. We consider this as a centrifugal instability mechanism, as the production of shear
stresses emerges mostly from the centrifugal terms of the respective transport equations. In
addition we discuss the influence of the radius ratio, due to the discovery, that the destabilizing
effect of the outer rotation does only occur if the radius ratio is small enough.
References
[1] D.L. Cotrell, A.J. Pearlstein. The connection between centrifugal instability and Tollmien-
Schlichting-like instability for spiral Poiseuille flow. J. Fluid Mech. 509 (2004), 331–351.
[2] D.L. Cotrell, S.L. Rani, A.J. Pearlstein. Computational assessment of subcritical and de-
layed onset in spiral Poiseuille flow experiments. J. Fluid Mech. 509 (2004), 353–378.
[3] A. Meseguer, F. Marques. On the stability of medium gap co-rotating spiral Poiseuille
flow. Physics of Fluids. 17 094104 (2005).
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08.03.2016 17:00 Amir Shahirpour Altgebäude (Schleinitzstrasse), Raum SN19.7
A Lagrangian Dynamic Mode Decomposition to capture Linearized Coherent Struc-
tures
Amir Shahirpour (BTU Cottbus), Jörn Sesterhenn (Technical University of Berlin), Christoph
Egbers (Brandenburg Univresity of Technology)
Coherent structures are known as organized motions which posses coherence in space and
time, meaning that they are observable while evolving in space and changing moderately
within a certain time span. This implies that they appear at some point in space and then
appear recognizable elsewhere at a later time. In the present study we propose a method
to identify such coherent structures by a Lagrangian Dynamic Mode Decomposition (DMD)
which is further developed from the DMD first introduced by Schmid and Sesterhenn (2008).
This process yields what we call the Linearized Coherent Structures (LCS).
It is shown in this study that available methods for extracting the dominant modes in the flow,
fail to capture correctly the structures which undergo translation in space and time. To solve
this problem a structure is assumed with a group velocity along the direction given by the
wave-vector k in three space dimensions. In this case a direction η = (kx−wt) can be found
along which the structure travels almost unmolested. We propose that mode decomposition
should be carried out in a plane which is normal to η in space-time xi = (t,x1,x2,x3), (i =
0,1,2,3) . The development of the mode along its travel path can be better analyzed using
a DMD. To that end a linear relationship is assumed, X
′
= AX and the transition Matrix is
approximated using the pseudo inverse A˜=UTAU =UTX
′
VΣ−1. The structures are defined
in planes normal to the group velocity of the structure in space-time.
We aim at empirical detection of flow patterns in space and time which change only slightly
while traveling downstream. We propose to find a Dynamic Mode Decomposition, which con-
structs a linear dynamical system from a sequence of observed state vectors in space-time. The
construction itself is iterative, as the group velocity of those structures is a priori unknown. In
general, more than one group velocity will exist with which different structures travel and the
structures having the same group velocities do not necessarily need to be connected. Further-
more, they may also interact with structures crossing their path.
To develop and validate this method, it has been applied to two test cases, the first one being
one dimensional KDV Burgers equation where the solution is distorted, damped and dispersed.
In the second test case, the method has been applied to existing DNS of a three dimensional
turbulent jet flow to detect the group velocities at which a Proper Orthogonal Decomposition
(POD) along their characteristics yields optimal mode separation and an associated DMD
yields neutral modes, neither decaying nor growing too fast. Having found a structure as
just described, the same method is applied to the remaining subspace, the first mode being
projected out. The detected structures live in linear subspaces.
Validations prove that the structures captured by the proposed approach represent the features
of the coherent structures more efficiently in comparison with the existing mode decomposi-
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08.03.2016 17:20 Stefanie Kraheberger Altgebäude (Schleinitzstrasse), Raum SN19.7
Scaling laws of turbulent Couette flow with wall-normal transpiration
Stefanie Kraheberger (TU Darmstadt), Martin Oberlack (TU Darmstadt), Sergio Hoyas
(Universitat Politècnica de València)
An extensive DNS (direct numerical simulation) study of turbulent plane Couette flows with
permeable boundary conditions, i.e. wall-normal transpiration, was conducted at Reτ = 250, 500, 1000
and varying transpiration velocities V0. The permeable boundary conditions result in constant
blowing and suction at the lower and upper wall, respectively. The momentum equation for
such a flow reads
V0
d〈U〉
dy
= ν
d2〈U〉
dy2
− d〈uv〉
dy
. (1)
The discretization employed for the DNS is pseudo-spectral in wall-parallel directions x and z
and compact finite differences in wall-normal direction y, see Hoyas et al., Phys. Fluids 2006.
We derived a global stress relation for the flow,
1 =
d〈U〉
dy
+0
−〈uv〉+0−V+00 〈U〉+0 , (2)
which is normalized by the friction velocity at the lower wall, uτ0, and the kinematic viscosity
ν . This, in turn, was used to validate the convergence of DNS statistics.
Most important, we derived a viscous sublayer velocity scaling for the suction wall employing
asymptotic methods, which reads
U+s = 1− exp
(−y+s ) . (3)
Therein, a new coordinate system (xs,ys) is introduced, with ys being the new wall-normal
coordinate at the suction wall. The coordinate system is fixed at the suction wall and thus the
corresponding velocity is 〈Us〉=Uw−〈U〉 and y+s = v0ys/ν .
Moreover, we derived scaling laws for the near-wall region on the blowing wall and the chan-
nel center using Lie group symmetry analysis applied to the multi-point correlation equations.
These scaling laws predict the mean velocity 〈U〉 and the Reynolds-stress components 〈uiu j〉,
(see Oberlack et al., JSME Mech. Eng. Rew., 2015), which were compared to the DNS data.
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08.03.2016 17:40 Vinodh Bandaru Altgebäude (Schleinitzstrasse), Raum SN19.7
Hartmann duct flow at moderate magnetic Reynolds numbers
Vinodh Bandaru (TU Ilmenau), Thomas Boeck (TU Ilmenau), Dmitry Krasnov (), Jörg Schu-
macher ()
Magnetohydrodynamics (MHD) deals with the interaction of electrically conducting fluid
flows with magnetic fields. Such flows are found in nature, e.g. in the formation of galax-
ies and stars, in sunspots and solar flares, and in the generation of planetary magnetic fields
through dynamo action. In the industry, magnetic fields are applied to control and manipu-
late conducting flows as in the continuous casting of steel and aluminium, material processing
etc.
We are interested in the turbulent MHD flow in a straight rectangular duct in the presence of a
uniform magnetic field, which is known as the Hartmann flow. Such flows have always been
studied in the limit of a negligible magnetic Reynolds number (Rm), in which the effect of
the flow on the magnetic field is neglected (quasistatic approximation). Through this, several
unique features of shear flow MHD turbulence not found in ordinary hydrodynamics have been
uncovered in recent times. However, when Rm becomes finite, there is an active evolution
of the magnetic field coupled to the turbulent flow. The effect of this on turbulent states is
unknown, which is our prime focus.
The problem demands an interior-exterior matching of the magnetic field at the duct walls, for
which we use a coupled finite-difference boundary integral numerical procedure to perform
direct numerical simulations (DNS). It is found that, at moderate Rm, large scale turbulence is
induced in the core region of the flow, in contrast to a laminarized core flow in the quasistatic
case. Significant impact is also observed on the mean flow and Reynolds stress fields. These
effects and among others, the effects on flow anisotropy will be discussed along with the
details of the computational procedure.
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08.03.2016 18:00 Ramandeep Jain Altgebäude (Schleinitzstrasse), Raum SN19.7
Impact of the regularity of the sediment bed on bed-load transport
Ramandeep Jain (Technical University Dresden), Bernhard Vowinckel (University of Califor-
nia), Jochen Fröhlich (Technical University Dresden)
Classical experimental and numerical studies investigating individual as well as collective mo-
tion of particles typically use a regular particle packing as a sediment bed upon which mobile
particles travel, driven by the fluid flow. Such a bed imposes a uniform roughness pattern,
hence regularity. This provides controlled boundary conditions but possibly introduces arte-
facts. The present study addresses this issue by comparing the results obtained in such a set-up
with those obtained for an irregular bed under the same conditions. The non-uniform rough-
ness is created through a random displacement of the fixed particles constituting the rough
wall by up to 0.5 times the particle diameter. A direct numerical simulation was conducted,
in which the particles are geometrically resolved and coupled to the fluid by an Immersed
Boundary Method. It is found that the irregular roughness enhances particle clustering as well
as bed-load transport compared to the case of uniform roughness. As a result the statistics of
disperse and continuous phase are markedly different.
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08.03.2016 18:20 Dominik Dierkes Altgebäude (Schleinitzstrasse), Raum SN19.7
Time-dependent helical coordinates: derivation of the fundamental system and new
conservation laws
Dominik Dierkes (TU Darmstadt), Martin Oberlack (TU Darmstadt)
In a first step we developed a new helical time-dependent coordinate system by employing
Lie Symmetry analysis. Therefore we considered the helical symmetry of the Navier-Stokes
equations, which relies on the combination of two Lie Symmetry groups: (i) generalized
Galilean invariance with comprises classical Galilean group and axial translation and (ii) the
rotation about the same axis. In cylindrical coordinates the infinitesimal generators are given
by
XT = α(t)
∂
∂ z
+ α˙(t)
∂
∂uz
− zα¨(t) ∂
∂ p
, XR =
∂
∂ϕ
, (1)
where α(t) is an arbitrary time-dependent function. Applying the method of similarity vari-
ables, we obtain the new time-dependent helical coordinates η = bϕ, ξ = bϕ+ zα(t) and r˜= r
in terms of Cylindrical coordinates r,ϕ,z, as well as transformed helical velocity components
u˜r,uξ ,uη and a modified pressure p˜. Expressing the Euler and Navier-Stokes equations in this
new helical setting and imposing helical symmetry, i.e. ∂∂η ≡ 0, we obtain a system, where the
spatial dependence of all independent variables is reduced by one and the remaining variables
are: r,ξ and t. Assuming α = const., we retain the classical helically symmetric case discussed
in [1]. Further, setting the parameters b = 0,α = 1, we obtain the well known axisymmetric
case, while b= 1,α = ∞ corresponds to a plane flow. In the second step we sought new local
conservation laws arising from the derived system, which have the form ∂tΘ+∇ ·~Φ = 0. To
derive new sets of conservation laws we used the direct construction method [2]. We finally
obtained multiple new local conservation laws for arbitrary α(t), involving families of conser-
vation laws, which are extensions of the classical case [1], wherein the parameter function α
was assumed to be constant. In primitive variables, one of the new conservation laws is, e.g.,
an extension of the conservation of the z-projection of angular momentum:
Θ= αrB
(
1
α
uη +
b
r
uξ
)
= αruϕ , Φr = αruruϕ , Φξ = α
(
ruξuϕ +bBp
)
− α˙rξBuϕ . (2)
We further obtained extensions of the conservation of generalized momenta, angular momenta
and vorticity based conservation laws.
References
[1] Kelbin, Olga and Cheviakov, Alexei F and Oberlack, Martin (2013) New conservation
laws of helically symmetric, plane and rotationally symmetric viscous and inviscid flows.
In Journal of Fluid Mechanics 2013 721, pp. 340–366. Cambridge Univ Press.
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08.03.2016 18:40 Helen E. Morrison Altgebäude (Schleinitzstrasse), Raum SN19.7
Data Assimilation and the Lattice Boltzmann Method
Helen E. Morrison (University of Rostock), Sven Grundmann (University of Rostock)
The Lattice Boltzmann Method (LBM) is a promising method to simulate fluid dynamical
problems. In contrast to conventional computational fluid dynamics (CFD) approaches, which
directly solve the Navier-Stokes equations, the LBM is based on kinetic theory and solves a
discrete version of Boltzmann’s equation, the lattice Boltzmann equation:
fi(~x+~ci, t +1)− fi(~x, t) =Ωi
with f being the probability density of finding a particle with a given velocity ~v at a given
point in space ~x and time t. In the discretised version each fi corresponds to a certain lattice
velocity vector ~ci. All of these vectors together span a uniform lattice at the grid points ~x.
Further, Ωi denotes the collision term for which several different models exist. With the help
of the Chapman-Enskog expansion [1], the Navier-Stokes equations can be directly derived
from the lattice Boltzmann equation.
Recently, the KBC models were introduced as a new class of collision models which allow
numerically stable simulations at high Reynolds numbers even when these are under-resolved
[2]. Furthermore, the LBM is an ideal method to simulate the flow around complex geome-
tries, as no time-consuming grid generation is needed. Instead, the exact boundary positions
can be treated either via immersed boundary methods, such as for example presented by Ina-
muro [3], or via modified bounce back schemes, such as for example demonstrated by Bouzidi
et al. [4] or Dorschner et al. [5].
Thus, given that the LBM can deal with high Reynolds number flows around complex geome-
tries in a highly efficient manner, the method is considered an ideal candidate for the incorpo-
ration of experimental data. Data assimilation is most commonly associated with numerical
weather prediction or other systems where real-time data is used as a starting point for numeri-
cal simulations. In contrast, we propose to use data assimilation to combine experimental data
from laboratory measurements with numerical simulations based on the LBM. The proposed
approach allows the numerical simulations to gradually evolve towards the measured data and
thereby obtain the flow field in the entire region resolved by the simulation. This not only
leads to a faster convergence of the numerical simulations, but also renders the need for extra
validation obsolete. Furthermore, from the experimental point of view, the proposed approach
offers an ideal and accurate method to gain further information from the measured data within
the time range of usual post-processing operations.
The presentation will introduce the underlying principles of the LBM and demonstrate first
successful attempts towards the full integration of numerical and experimental data.
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09.03.2016 08:30 Rodion Groll Altgebäude (Schleinitzstrasse), Raum SN19.7
Calibrating microfluidic pressure correction functions in Laval nozzle flow by eliminat-
ing production accuracy influences
Rodion Groll (Universität Bremen), Juan Gomez (Universität Bremen)
The pressure drop of a transonic Laval nozzle depends on the rarefaction of the gas flow.
So relative deviations of the numerical data are a measure for describing the influence of the
rarefaction of the gas flow. This deviation is able to be predicted by using a second-order mod-
elling approximation for the Knudsen number depending correction function in the slip-flow
regime.
The production accuracy is able to be read in these deviation functions because of a devia-
tion from the analytical solutions of the slip-flow influence. The correction function can be
calibrated with eliminating the error resulting from the accuracy by the usage of experimental
data.
The investigated case is a micronozzle flow with Knudsen numbers of the slip-flow regime
near the nozzle throat in vacuum environment. Compared gases are neon, argon, krypton and
xenon.
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09.03.2016 08:50 Djordje Cantrak Altgebäude (Schleinitzstrasse), Raum SN19.7
Statistical characteristics, time autocorrelation coefficients and turbulence time integral
scales of the turbulent swirling flows in pipe
Djordje Cantrak (University of Belgrade, Faculty of Mechanical Engineering), Novica
Jankovic (University of Belgrade, Faculty of Mechanical Engineering)
Experimental investigation of the turbulent swirling flow in pipe generated by three axial fans
of various geometries is presented in this paper. All three fans have nominal outer diameter
0.4m. One of these fans (model ZP) generates Rankine swirl, while other two, industrial fans
(models W and SP), produce mainly solid body circumferential velocity profile. Outlet fan
blade angle at the outer diameter is positioned at the same angle for all three fans. Fan rota-
tion speed was also the same for all three fans. One-component laser Doppler anemometry
(LDA) has been employed in this research in two measuring sections, so all three velocity
components were subsequently measured. Similar downstream transformation of the non-
dimensional time-averaged axial velocity profiles are shown for both industrial fans. Their
character is preserved in the case of the fan ZP. Non-dimensional time-averaged circumferen-
tial velocity profiles preserve their character for all three fans. Existence of the radial velocity
is experimentally confirmed. It is also shown that average circulation in the measuring cross-
section decreases downstream more intensively for fan ZP, while for fan W and SP in almost
the same way.
Levels of turbulence for all three velocity components have the highest values in the vortex
core and shear layer regions for fan ZP. These values are significantly higher than for other two
fans, which have more uniform turbulence level distribution for axial fluctuating velocity in
the zone 0<r<0.65 for fan W and in 0<r<0.5 region for fan SP. Higher values and gradients for
circumferential fluctuating velocity turbulence levels are reached for all three fan types. These
values are for 30% higher for fan ZP than for other two fan types. It was shown that turbulence
anisotropy occurs in the whole first measuring section for all three fans. Statistical moments of
higher orders for fluctuations in the axial, radial and circumferential directions are calculated.
In all cases skewness and flatness factors differ from values for normal Gaussian distribution.
All distributions are not uniform and occur positive, as well negative values. This is discussed
and analyzed in the paper. It was shown that zones with high values of the normalized central
moments of the fourth order (flatness factors) reveal presence of small fluctuations. These
are formed by turbulent vortices movements in the field of small velocity gradients. Flatness
factor for circumferential velocity for fan ZP in the vortex core region show wide spectrum
of circumferential velocity fluctuations, as well kinematics of turbulence structures of various
scales. Similar conclusions are made for other two velocity components. In paper are also
discussed distributions of the turbulence levels, skewness and flatness factors for all three ve-
locities in the downstream measuring section for all fans.
Correlation theory reveals structure and statistical nature of turbulence. Here are analyzed
normalized time autocorrelation functions for circumferential fluctuating velocity for all fans
in the measuring section 1, closer to the fan outlet. Characters and trends of the experimentally
determined correlation curves reveal various dynamics of the circumferential velocity fluctu-
ating fields in various measurement positions in one measuring section. Analyzes showed that
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09.03.2016 09:10 Igor Vigdorovich Altgebäude (Schleinitzstrasse), Raum SN19.7
New explicit algebraic stress model for three-dimensional turbulent flows
Igor Vigdorovich (Lomonosov Moscow State University), Holger Foysi (Universit"at Siegen)
The explicit algebraic turbulent-stress model is built in the framework of so-called Rodi’s
weak-equilibrium approximation, which, taking into account the known model representa-
tions for the pressure-strain-rate correlation and turbulence-dissipation rate, reduces the dif-
ferential equations for the Reynolds-tensor components to a system of quasi-linear algebraic
equations for the five independent components of the anisotropy tensor B. We propose an
original method for solving this quasi-linear system. The tensor in question B is sought in
the form of an expansion in a tensorial basis formed from the mean-strain and rotation-rate
tensors which contains only five elements. The expansion’s coefficients are functions of five
simultaneous invariants of these tensors.As a result, an explicit algebraic representation for
the Reynolds-stress tensor in terms of the mean-strain and rotation-rate tensors has been ob-
tained.
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09.03.2016 14:30 Suad Jakirlic Altgebäude (Schleinitzstrasse), Raum SN19.7
Wake Interference of two Cylinders in Tandem simulated by a scale-resolving Turbu-
lence Model
Suad Jakirlic (Technische Universitaet Darmstadt), R. Maduta (), M. Ullrich ()
A differential, near-wall Reynolds stress model (RSM) employed in an Unsteady RANS
(Reynolds-Averaged Navier Stokes) framework, coupled with the equation governing the in-
verse turbulent time scale relying on the so-called ’homogeneous dissipation’ rate (ωh = εh/k)
was applied to two tandem-cylinder flow configurations differing with respect to distance be-
tween the cylinders for which the reference experiments have been performed by Jenkins et
al. (2005, AIAA-2005-2812) and Neuhart et al. (2009, AIAA-2009-3275). Complemen-
tary to the ’conventional’ Reynolds stress model based on the Jakirlic and Hanjalic’s (2002, J.
Fluid Mech. 439:139-166) formulation (denoted by RSM), its version sensitized appropriately
to account for the turbulent unsteadiness was also applied. The latter model, formulated by
Jakirlic and Maduta (2015, Int. J. Heat and Fluid Flow 51:175-194), is termed as Instability-
Sensitized RSM model (IS-RSM). The capturing of instabilities is achieved by a selective
enhancement of the turbulence production in line with the SAS (Scale-adaptive Simulation)
proposal (Menter and Egorov, 2010, Flow, Turbulence and Combustion 85:113-138). Two
tandem-cylinder configurations characterized by different in-between spacing were consid-
ered: L= 3.7D (long-distance case) and L= 1.435D (short-distance case). The corresponding
Reynolds and Mach numbers based on the cylinder diameter D and velocity of the oncoming
flow amount 166000 (Uinlet = 1.66m/s) and 0.1285 respectively. The influence of differ-
ence in the distance between cylinders is reflected in strong structural changes. According
to Zdravkovich (1985, J. Sound and Vibration 101(4): 511-521) the distance L/D = 3.7 re-
lates to the so-called bistable case corresponding to a configuration in which the flow structure
at/behind the first cylinder switches from the continuous shedding resembling the well-known
’von Karman’ vortex street to a continuously separated shear layer reattaching temporarily
at the front side of the rear cylinder; behind the second cylinder a continuous vortex street
develops. In the time-averaged sense it is analogous to a recirculation zone characterized by
a free reattachment point situated in the gap between cylinders; the post-reattachment stream
resembles a jet hitting the front side of the downstream cylinder, followed by an intensified tur-
bulence production within the impingement region. Unlike the long-distance case, in the short
distance configuration (L/D = 1.435) the cylinders are that close to each other resembling
one long obstacle for the oncoming flow. Accordingly, the wall boundary layer separating
from the front cylinder transforms into a shear layer which reattaches at the rear cylinder. The
flow in the wake behind the downstream cylinder exhibits a continuous shedding behavior; the
flow reversal size corresponds closely to that behind the upstream cylinder in the long-distance
case. The final outcome is an appropriate shortening of the recirculation zone behind the rear
cylinder in the long in-between-distance configuration, influenced by an enhanced turbulence
activity in the gap between cylinders. The present instability-sensitized RSM formulation has
been shown to be capable of capturing all important mean flow and turbulence features of the
configurations considered, including also the intermittent (bistable) behavior of the flow in the
gap between cylinders characteristic for the long-distance case. The unsteady pressure field is
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09.03.2016 14:50 Nils Temme Altgebäude (Schleinitzstrasse), Raum SN19.7
Comparison of isotropic and anisotropic subgrid scale models in large eddy simulations
for backward-facing step flows
Nils Temme (TU Dresden), Martin Niemann (TU Dresden), Jochen Fröhlich (TU Dresden)
A relatively new trend in subgrid scale modeling for large eddy simulation (LES) is the adap-
tation of anisotropic RANS models to represent the unresolved contributions. The present
paper employs such a model, the explicit algebraic subgrid stress model (EASM), proposed
by Marstorp et al. J. Fluid Mech. 639, 403 - 432 (2009), a homologue of the EARSM-RANS
model. The model is used in its elementary, i.e computationally efficient non-dynamic ver-
sion for the three-dimensional flow over a backward-facing step at a bulk Reynolds number of
4805. The performance of the EASM is assessed by comparison with experimental data and
results from an own Direct Numerical Simulation. Furthermore, a set of eddy-viscosity mod-
els, including the recent σ -model, is employed for comparison. Various statistic quantities are
evaluated to assess the respective performance of the different models. Indeed, the anisotropic
EASM compares favourably to the other models.
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09.03.2016 15:10 Heiko Schmidt Altgebäude (Schleinitzstrasse), Raum SN19.7
Recent application of ODT to turbulent combustion problems in the incompressible and
compressible limit
Zoltan Jozefik (BTU Cottbus-Senftenberg), Heiko Schmidt (BTU Cottbus-Senftenberg), Alan
R. Kerstein (Danville)
The one-dimensional turbulence (ODT) model is applied to a reactant-to-product counterflow
configuration as well as to a shock tube configuration in non-reactive flow and in deflagra-
tion and detonation regimes. The model employed herein solves conservation equations for
momentum, energy, and species on a one dimensional (1D) domain corresponding to the line
spanning the domain between nozzle orifice centers in the counterflow configuration and cor-
responding to the tube length in the shock tube configuration. The effects of turbulent mixing
are modeled via a stochastic process, while the Kolmogorov and reactive length and time
scales are explicitly resolved.In the counterflow configuration, comparisons between model
and DNS results for spatial mean and root-mean-square (RMS) velocity, temperature, and ma-
jor and minor species profiles are shown. The ODT approach shows qualitatively and quanti-
tatively reasonable agreement with the DNS data. Scatter plots and statistics conditioned on
temperature are also compared for heat release rate and all species. ODT is able to capture
the range of results depicted by DNS. However, conditional statistics show signs of underig-
nition.To carry out the shock tube simulations, the ODT methodology is extended to include
an efficient compressible implementation and a model for capturing shock-induced turbulence
is presented. The necessary algorithmic changes to include compressibility effects are high-
lighted and the model for capturing shock-turbulence interaction is presented. To validate the
compressible solver, results for Sod’s shock tube problem are compared against a finite vol-
ume Riemann solver. To validate the model for shock-turbulence interaction, comparisons for
a non-reactive and a reactive case are presented. First, results of a shock traveling from light
(air) to heavy (SF6) with reshock have been simulated to match mixing width growth data
of experiments and turbulent kinetic energy results from LES. Then, for one-step chemistry
calibrated to represent an acetylene/air mixture, the interaction of a shock wave with an ex-
panding flame front is simulated, and results are compared with 2D simulation (2D-sim) data
for flame brush formation and ensuing deflagration-to-detonation transitions (DDT). Results
for the Sod shock tube comparison show that the shock speed and profile are captured accu-
rately. Results for the non-reactive shock-reshock problem show that interface growth at all
simulated Mach numbers is captured accurately and that the turbulent kinetic energy agrees in
order of magnitude with LES data. The reactive shock tube results show that the flame brush
thickness compares well to 2D-sim data and that the approximate location and timing of the
DDT can be captured.
[1] Z. Jozefik, A. R. Kerstein, H. Schmidt, S. Lyra, H. Kolla, J. H. Chen (2015). One-
dimensional turbulence modeling of a turbulent counterflow flame with comparison to
DNS, Combustion and Flame, 62, 2999-3015
[2] Z. Jozefik, A. R. Kerstein, H. Schmidt, (2015). Simulation of shock-turbulence interac-
tion in non-reactive flow and in turbulent deflagration and detonation regimes using one-
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08.03.2016 08:30 Christian Heckmann Schleinitzstrasse 23, Raum SN23.2
Simulation of mass transfer in liquid/liquid Slug Flow
Christian Heckmann (Fluid Mechanics, Biochemical and Chemical Engineering), Peter
Ehrhard (Tu Dortmund)
Microreactors have been applied for the production of fine chemicals and pharmaceuticals for
several years. Owing to the small size of the channels, especially the liquid/liquid slug flow
pattern offers large specific areas and high mixing convection due to the segmented flow. A
detailed knowledge of the mechanism and characteristics of the mass–transfer process, in con-
junction with the geometrical properties of the multiphase system, appears to be crucial for
the process design. Numerical simulations allow a detailed examination of the local mass–
transder process, since experiments usually remain restricted to integral measurements.
We present a concept for the numerical simulation of the mass transfer at a free liquid/liquid
interface, based on the open–source software package OpenFOAM. Starting point for the hy-
drodynamics of the two–phase system is an imported steady–state interface. On both sides
of this interface (separate) computational domains for both liquids are arranged, whereas a
kinematic and dynamic coupling at this interface is in place. Hence, the flow can be computed
within both computational domains. The mass transfer is examined, based on this steady–
state hydrodynamics, by solving a transport equation of a passive (scalar) concentration at
both sides of the interface. At the liquid/liquid interface, transition conditions arise from both
the interfacial dissolution equilibrium and mass–flux continuity. Our numerical approach ap-
plied to the liquid/liquid-Slug-Flow pattern to achieve a detailed understanding of the mass
transfer process.
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08.03.2016 08:50 Peter Lakshmanan Schleinitzstrasse 23, Raum SN23.2
Enhanced mass transfer in micro-capillary two-phase flow
Peter Lakshmanan (TU Dortmund), Peter Ehrhard (TU Dortmund)
Process design of multi-phase unit operations on the micro-scale asks for detailed knowledge
of the hydrodynamics and mass transfer of discrete disperse fluid particles in confined geome-
tries.
The present work examines gas bubbles in micro-capillaries. Based on previous results, sev-
eral different modes of operation are considered, namely (i) bubbles in a horizontal capillary,
(ii) bubbles rising in a vertical capillary filled with a stagnant liquid, and (iii) bubbles levitated
by the counter-flowing liquid in a vertical capillary. Moreover, the bubble surface can be mo-
bile, i.e. clean, so that the free-slip condition holds or immobile, i.e. contaminated, with the
associated no-slip condition.
For these different cases, the hydrodynamics and concentration fields are determined over a
wide field of parameters (Re, Sc, dbubble/dcapillary) using a combination of level-set and body-
fitted mesh methods. Drag coefficients and Sherwood numbers are computed from the results
and can be used to derive empirical correlations for each parameter and mode of operation.
These correlations allow for the individual optimization of the mass transfer process in micro-
capillaries.
The results are compared to experimental data and available correlations in literature with
generally good agreement. It can be shown that mass transfer can be enhanced by using small
geometries like micro-capillaries.
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08.03.2016 09:10 Max von Danwitz Schleinitzstrasse 23, Raum SN23.2
Numerical Investigation of Rising Bubble Phenomena in Viscoelastic Fluids
Max von Danwitz (RWTH Aachen), Philipp Knechtges (RWTH Aachen), Marek Behr (RWTH
Aachen), Stefanie Elgeti (RWTH Aachen)
The rise of a Newtonian bubble in a viscoelastic fluid combines interfacial phenomena with
viscoelastic material behavior, resulting in various remarkable features. Recent physical ex-
periments have observed unique bubble shapes [1], as well as a recirculation zone in the fluid
behind the bubble, the so-called negative wake [2]. Our current efforts to numerically predict
these phenomena in two- and three-dimensional simulations will be presented in this talk.
Our solution strategy is based on the deforming-spatial-domain/stabilized space-time (DSD/SST)
procedure which uses finite elements for the spatial and temporal discretization and allows
computations on moving grids. The computational domain is discretized with a boundary-
conforming mesh; the temporal evolution of the phase-boundary being resolved with an interface-
tracking approach. Interface tracking is made possible by a mesh slip boundary on the fluid-
fluid interface. As an additional feature, long-time simulations are facilitated by advancing
the embedding control volume by the mean rising velocity of the bubble.
The previously mentioned experiments use polymer solutions as viscoelastic matrix fluid. To
capture the material behavior, we use the Oldroyd-B and Giesekus constitutive models. Both
have been implemented in their respective log-conformation formulation [3, 4], providing the
stability required for our numerical investigation of rising bubbles in viscoelastic fluids.
References
[1] M. Ohta et al. The dynamic motion of single bubbles with unique shapes rising freely in
hydrophobically modified alkali-soluble emulsion polymer solutions. Journal of Rheol-
ogy 59: 303-316, 2015.
[2] Y. Imaizumi et al. Viscoelastic fluid behaviors around a rising bubble via a new method
of mesh deformation tracking. Journal of Chemical Engineering Science 120: 167-173,
2014.
[3] P. Knechtges, M. Behr, S. Elgeti. Fully-implicit log-conformation formulation of consti-
tutive laws. Journal of Non-Newtonian Fluid Mechanics 214: 78-87, 2014.
[4] P. Knechtges. The fully-implicit log-conformation formulation and its application to
three-dimensional flows. Journal of Non-Newtonian Fluid Mechanics 223: 209-220,
2015.
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08.03.2016 17:00 Cornelia Rauh Schleinitzstrasse 23, Raum SN23.2
Neuronumerical Hybrid for Modelling, Simulation and Prediction of Protein Foams
Lucia Diez (Friedrich-Alexander University Erlangen-Nuremberg), Daniela Anderl
(Friedrich-Alexander University Erlangen-Nuremberg), Cornelia Rauh (TU Berlin), Antonio
Delgado (Friedrich-Alexander University Erlangen-Nuremberg)
The present contribution aims at modelling, simulation and prediction of generation and con-
vective transport of foams stabilized by proteins. Protein foams play an important role not
only in natural but also in technical processes amongst others in waste water treatment, fer-
mentation, food processing and pharmaceutical production. The existence and stability of
proteins is closely related to mechanisms acting at a wide range of length and time scales.
Thus, any modelling and simulation approach must provide access to the spectrum of relevant
scales. In this context, the Lattice Boltzmann Method (LBM) represents a first choice method
as it deals per se with multiple scales. In the last two decades LBM has been often used for
simulating two-phase flows, but it is a completely new approach for foams capable of flowing.
LBM employed here deals with a volume-of-fluid approach as suggested in [1]. As in gen-
eral postulated for bubbly flows, the dynamics of the gas phase can be partially neglected in
foams flows. In particular, the momentum transfer between the liquid and the gaseous phase
is negligible. Thus, the Laplace pressure but no other normal or tangential stresses must be
considered when formulating the balance at the interface. Such a model has been integrated
into the LBM software framework waLBerla that enables massively parallel computing and
thus allows to simulate even large bubble assemblies. Within this framework a variety of foam
processes have been simulated starting from foam generation by gas inflow through a mem-
brane, foam stabilization due to proteins in the lamellae to foam transport in different flow
geometries and decay because of drainage and aging [2, 3].
In addition, model and data reduction approaches have been developed for making accessible
the large sequences of numerical data for predicting processes in practice. For this purpose
a novel neuronumerical hybrid [4] has been developed. It makes synergetic use of LBM and
Artificial Neuronal Networks (ANNs) that can learn from data of different origin and, thus,
exhibit excellent prediction ability. The reduction of the numerical data occurs with the help
of data fingerprints extracted by ANNs from most characteristic zones in flowing foam. The
predicted flow features and in particular the velocities coincides very well with measured ve-
locities.
References
1. C. Körner, M. Thies, T. Hofmann, N. Thürey, and U. Rüde. Lattice Boltzmann model for free
surface flow for modeling foaming. Journal of Statistical Physics, 121 (1/2):179–196, 2005
2. D. Anderl, M. Bauer, C. Rauh, U. Rüde, and A. Delgado. Numerical simulation of adsorption
and bubble interaction in protein foams using a lattice Boltzmann method. Food & function,
5(4):755–763, 2014
3. D. Anderl, S. Bogner, C. Rauh, U. Rüde, and A. Delgado. Free surface lattice Boltzmann with
enhanced bubble model. Computers & Mathematics with Applications, 67(2):331–339, 2014
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08.03.2016 17:20 Rakulan Sivanesapillai Schleinitzstrasse 23, Raum SN23.2
Pore-Scale Multiphase SPH Study on Wetting Phase Entrapment during Primary
Drainage in Particulate Media
Rakulan Sivanesapillai (University of Stuttgart), Holger Steeb (University of Stuttgart)
Assessing the stability and evolution of saturation fronts, or, from a microscopic point of view,
interfaces between immiscible bulk fluid phases, is key with respect to design and control of
subsurface processes such as sequestration of carbon dioxide in geological media, groundwa-
ter contamination remediation, or enhanced oil recovery. Depending on the governing cap-
illary number (Ca) and viscosity ratio (M), flow of immiscible fluids in porous media may
exhibit macroscopic patterns as diverse as viscous fingering, stable displacement or capillary
fingering [1]. Yet, contemporary macroscopic models for two-phase flow assume the same
set of governing balance equations (extended Darcy law, saturation mass balance) and con-
ceptually equivalent constitutive equations (relative permeability function, capillary pressure
function), typically cast into the form of the Buckley-Leverett (BL) equation, applicable to
all displacement patterns. The latter inherently assumes the associated pore-scale physics to
be equivalent. We present pore-scale resolved direct numerical simulations [2] of primary
drainage in porous media of particulate microstructure for various points of the (Ca,M) phase
diagram. In an attempt to meet the question, whether or not pore-scale flow topologies asso-
ciated with different displacement patterns are equivalent, we characterize the entrapment of
wetting phase.
Our results show that, for viscous fingering, i.e. when Ca ≥ 10−2 and when the viscosity of
the invading fluid is considerably lower than that of the defending fluid, fluid displacement
at the pore-scale is reminiscent of Bretherton’s problem, i.e. flow of gas bubbles in saturated
capillary tubes. The corresponding flow topology is such that the less viscous fluid drains
through the core of a pore-throat causing the formation of wetting films on solid surfaces
ultimately rendering non-equilibrium momentum exchange between both fluid phases non-
negligible. The latter casts doubt on the classical use of relative permeability functions, which,
by definition, are related to momentum exchange between solid and fluid phases only.
For stable displacement, i.e. when Ca ≥ 10−2 and when the viscosity of the defending fluid
is considerably lower than that of the invading fluid, saturation profiles evolve by what might
be referred to as travelling shock wave - a well known solution to the BL equation. However,
rather than being sharp as predicted by the BL equation, pore-scale simulations reveal the sat-
uration front to be diffuse. Pore-scale flow topology within the diffuse zone, or, also referred
to as capillary dispersion zone, is observed to exhibit complex events such as frequent frag-
mentation and coalescence of hydraulically isolated wetting clusters. The latter casts doubt on
the purely hyperbolic BL equation.
For capillary fingering, i.e. when Ca ≤ 10−4, fluid displacement is reminiscent of invasion
percolation with frequent pore-scale events singular in time, such as Haines jumps and associ-
ated velocity bursts [3]. The evolution of interfaces during capillary fingering is governed by
a scalar energy balance comprised of pressure-volume work and interfacial tension-interfacial
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08.03.2016 17:40 Cornelia Rauh Schleinitzstrasse 23, Raum SN23.2
Protein Foams in Inner Geometries
Ladan Zoheidi (Friedrich-Alexander University Erlangen-Nuremberg), Cornelia Rauh (TU
Berlin), Antonio Delgado (Friedrich-Alexander University Erlangen-Nuremberg)
Foams are considered as highly complex media and their complexity becomes more challeng-
ing when they start to flow. Length scales from a few nanometers to meters can be observed
in nature and technical processes. In addition, other than convective and diffusive time scales,
the intrinsic instability of foam imposes further characteristic times. Sporadic decay as well as
transport related destruction occurs that can occur in a wide time range from microseconds to
months and years. Thus, for controlling stability surface agents are often added. Most promi-
nent examples are proteins.
The present contribution deals with the experimental investigation of flowing foams stabilized
by milk proteins. The main objective is to study the macroscopic phenomena, the mecha-
nisms and the kinematics of protein foams flowing in horizontal and vertical conduit. To
ensure reproducibility, the generation of the foam formation was carried out with the help of
a static membrane technique. For both the horizontal and vertical channels, the related flow
regime, the bubble size distribution and the pressure drop as a function of the foam quality
have been examined. The experimental design enabled the observation of the flow regime for
different foam qualities. The optical measurements were performed by a high speed camera
that enabled both the visualization of the bulk flow and the flow visualization at the channel
wall. Furthermore, by applying Particle Tracking Velocimetry (PTV), the local velocity pro-
file at the horizontal channel wall was optically measured and compared with a related study.
The thickness of the slip layer was described by a lubrication model. The corresponding
Fanning friction factor and the Reynolds number obtained from entire experiments exhibited
good agreement with the theory. Additionally, the overrun was checked in the horizontal duct
and estimated with the help of Artificial Neural Networks (ANNs). The validated networks
predicted the overrun of a different foam type with a high accuracy.
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08.03.2016 18:00 Jan-Philipp Fürstenau Schleinitzstrasse 23, Raum SN23.2
A semi-implicit multi-fluid SPH algorithm suitable for GPU
Jan-Philipp Fürstenau (G. W. Leibniz Universität Hannover), Bircan Avci (G. W. Leibniz
Universität Hannover), Peter Wriggers (G. W. Leibniz Universität Hannover)
Many technical fluid problems involve multi-fluid flows. Examples can be found for instance
in naval or process engineering, like the oil loss of a tanker or the gas-liquid flows in pipes.
For the numerical prediction of these processes, a suitable method to solve the resulting math-
ematical problems is required. In this context, the Smoothed Particle Hydrodynamics (SPH)
method is a good candidate.
In an earlier work [1] we compared explicit multi-fluid algorithms. With a combination of pre-
viously investigated algorithms [2,3] we developed a new algorithm and implemented it into
DualSPHysics [4], an open-source SPH framework. Although the algorithm shows satisfying
results regarding stability and shape of the free surfaces, the resulting pressure field possesses
a noise superimposed on the mean pressure field, what is an inherent vice of explicit methods.
Additionally the stability and accuracy are very sensitive to the choice of numerical parame-
ters. To circumvent these disadvantages of explicit methods we switched to an incompressible
SPH method.
With the requirement of a matrix-free implementation on GPU, a special algorithmic treat-
ment is necessary. One of the most promising approaches is the IISPH approach [5]. In this
semi-implicit projection scheme, the pressure-Poisson equation is solved in an iterative way
taking into account the neighboring particles and the neighbors of neighboring particles.
In combination with the multi-fluid approaches a semi-implicit multi-fluid method is derived
and implemented on GPU. The resulting algorithm is tested for low and high density ratios
and compared in terms of stability, steadiness of the pressure field and performance with the
former explicit algorithm.
[1] Fürstenau, J.-P., Avci, B. and Wriggers, P.: ”A numerical review of multi-fluid SPH algo-
rithms for high density ratios”. Modeling and Simulation in Science, Engineering and Tech-
nology (in print)
[2] Monaghan, J. J. and Rafiee, A.: ”A simple SPH algorithm for multi-fluid flow with high
density ratios”. International Journal for Numerical Methods in Fluids 71.5 (2013): 537-561
[3] Hu, X. Y., and Adams, N. A.: ”A multi-phase SPH method for macroscopic and meso-
scopic flows”. Journal of Computational Physics 213.2 (2006): 844-861
[4] Crespo, A. J. C., et al.: ”DualSPHysics: Open-source parallel CFD solver based on
Smoothed Particle Hydrodynamics”. Computer Physics Communications 187 (2015): 204-
216
[5] Ihmsen, M., et al.: ”Implicit incompressible SPH”. Visualization and Computer Graphics,
IEEE Transactions on 20.3 (2014): 426-435
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08.03.2016 18:20 Chun-Ti Chang Schleinitzstrasse 23, Raum SN23.2
Forced Resonance of Sessile Drops
Chun-Ti Chang (Technische Universitaet Dortmund), Joshua Bostwick (Northwestern Uni-
versity), Susan Daniel (Cornell University), Paul Steen (Cornell University)
Active manipulation of drops facilitates numerous applications, such as ink-jet printing, droplet
transport, atomization, micro-mixing, micro-patterning and suspension collection. Actuated
drops oscillate due to surface tension, and resonance underlies the oscillation. Understanding
a drop’s resonance is hence crucial, either to maximize the vibration or to mitigate undesired
disturbance. Our experiments examine the resonance of mechanically vibrated sessile drops.
Shape, frequency and amplitude responses of resonating drops are investigated for individual
modes. The observations are compared to Rayleigh-Lamb (RL), Bostwick-Steen inviscid (BS
inviscid) and Bostwick-Steen viscous potential flow (VPF) theories. Ray-tracing simulation
relates observed and predicted mode shapes. Among the theories, VPF theory best predicts
resonance frequency of observed modes. The reasonable agreement implies the necessity of
including both substrate constraint and viscosity in the model. Further exploration reveals two
signs of nonlinearity: mode mixing and hysteretic amplitude growth. The scientific highlight
here is the remarkable extent to which our nonlinear observations can be understood within
the context of linear theories.
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08.03.2016 18:40 Katharina Gladbach Schleinitzstrasse 23, Raum SN23.2
Modelling and Simulation of Food Foams
Katharina Gladbach (University Erlangen-Nuremberg), Antonio Delgado (University
Erlangen-Nuremberg), Cornelia Rauh (TU Berlin)
Frankel and Acrivos [3] developed a constitutive equation for a dilute emulsion of two immis-
cible Newtonian liquids by considering deformations of a drop in a time-dependent shear flow.
The concentration of the dispersed phase is assumed to be very small so that inertia effects and
hydrodynamic interactions between drops can be neglected. The constitutive equation is non-
linear in the kinematic variables and takes account of fluid memory effects due to the surface
dynamics between the different liquid phases. Frankel and Acrivos extended the results of
their studies by carrying out the series expansions to a higher order for determining the drop
deformation. For bubbly suspensions, the constitutive equation gives
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where the ratio of dispersed-phase viscosity to continuous-phase viscosity is assumed to be
zero. In equation (1), S is the extra stress tensor, D is the deformation rate tensor, I is the unit
tensor, ηc denotes the viscosity of the liquid, R is the bubble radius, σ is the interfacial tension
between liquid and gas phases, φ is the volume fraction of bubbles, Λ is equal to (6ηcR/5σ)
and D/Dt is the Jaumann derivative. Oldroyd [2] also developed a constitutive equation for a
dilute emulsion of two immiscible Newtonian liquids. For bubbly suspensions, this equation
gives
S+λ1
DS
Dt
= 2η0
(
D+λ2
DD
Dt
)
, (2)
where η0 is the zero-shear viscosity, λ1 is the relaxation time, λ2 is the retardation time,
which are functions of ηc, R, σ and φ , and where D/Dt is the Jaumann derivative. The
constitutive equations (1) and (2) are extended to concentrated bubbly suspensions by using
the differential effective medium approach and are applied to the studies of Aksel [1]. The
following results are obtained: If the capillary number NCa  1, the interfacial tension forces
dominate and the bubbles keep their spherical shape, which tends to increase the viscosity of a
bubbly suspension. If NCa  1, the viscous forces dominate and the bubbles will be elongate.
The bubbles provide free-slip surfaces due to their elongate shape, which tends to decrease the
viscosity.
References:
[1] Nuri Aksel. Einfluss der Kompressibilitaet auf Stroemungen nichtnewtonscher Fluide.
Habilitation. Universitaet Karlsruhe (1990), 67.
[2] J. G. Oldroyd. The elastic and viscous properties of emulsions and suspensions. Proc. R.
Soc. Lond. A 218, 122–132 (1953).
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09.03.2016 08:30 Tobias Horneber Schleinitzstrasse 23, Raum SN23.2
Transport of Mass, Momentum and Energy through Periodic Open Cell Metal Foams
Applied in Catalysis
Tobias Horneber (Technische Universität Berlin), Cornelia Rauh (Technische Universität
Berlin), Antonio Delgado (Friedrich-Alexander-Universität Erlangen-Nünrberg)
Scientific work investigated in renewable systems (e.g. with hydrogen) and their storage is
the crucial factor on the way to a safe and green future. For applications in the field of liquid
organic hydrogen carriers (LOHC) the hydrogenation step is of high importance. Structured
representatives for open cell foams are perfect candidates for a stable and stressed process un-
der industrial conditions to handle the thermo-fluid dynamic processes. Numerical simulations
offer themselves as a method to analyse and characterise catalytic reactors for their planned ap-
plication and to optimize them aiming in a special use 1 2.Fluid dynamic quantities (pressure,
velocity field, dwell time distributions, wall shear stresses) essential for the course of the cat-
alytic reaction are calculated using the C++ open source software tool OpenFOAM. Thermal
properties (heat transport, heat transfer) of the structures and the containing fluid are analysed
by numerically solving the energy equation in partial differential form. A multiphysics solver
was used and modified to account for the interphase engery transport (conduction from solid to
solid, transfer from solid to fluid). A simpler model (ODE) was derived to predict the tempera-
ture field of the carrier structures with dependencies of strut radius, shape of strut, surrounding
velocity (Nusselt number, Reynolds number, Prandtl number), reaction enthalpy, surrounding
fluid (liquid and/or gas).Additional a alternative method how to calculate residence time dis-
tributions was developed with the aim not to solve an additional transport equation but use just
the velocity field.Numerical simulations provide locally resolved data to evaluate and charac-
terise the structures due to properties for the chemical reaction. The two presented methods
are possibilities to decrease the time required for predictions and achieve more rapid process
analysis.
1T. Horneber, C. Rauh, A. Delgado. Fluid dynamic characterisation of porous solids in catalytic fixed bed
reactors, Microporous and Mesoporous Materials 154 (2012) 170-174.
2T. Horneber, C. Rauh, A. Delgado. Numerical simulations of fluid dynamics in carrier structures for catalysis:
characterization and need for optimization, Chemical Engineering Science 117 (2014) 229-238
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09.03.2016 08:50 Franz Peters Schleinitzstrasse 23, Raum SN23.2
Experimental progress on the rise velocity of small bubbles
Franz Peters (Ruhr-Universität Bochum), Marius Nüllig (Ruhr-Universität Bochum)
A bubble of 1.6mm in diameter rising in water assumes a velocity of either 362mm/s or
163mm/s. Therefore the fast bubble tops the velocity of the slow one by a factor of 2.2!
Towards small sizes this discrepancy diminishes as well as above 6mm where one cannot tell
between fast and slow. The slow ones are observed reliably under standard conditions found in
water columns. Countless experiments have been executed to measure velocity and modes of
motion. In contrast the generation of fast bubbles is rather demanding. Even more demanding
is the observation of fast ones because they show limited life time to end up as slow ones.
Two basic questions are associated with this subject. The first is: what makes the slow ones
slow and the fast ones fast? The second is: how do the fast ones come into existence and
what limits their life time?In our presentation we will address the first question briefly and
focus on the second one which is a challenging experimental issue. Measurements in columns
and the rotary chamber will be presented and interpreted. We show what the essentials are to
make and reproduce fast ones. We compare our method with those of a few others as available
in the literature. Finally we present recent achievements on the extended observation of the
transformation process from fast to slow. It can be seen how an initially fast bubble changes
its shape and its position in the flow field as it transforms. Effects of interfacial tension and
possible surfactants are discussed.
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09.03.2016 09:10 Haresh Vaidya Schleinitzstrasse 23, Raum SN23.2
High speed visualization study of acoustic cavitation bubbles in microgaps of variable
heights
Haresh Vaidya (Friedrich-Alexander University Erlangen-Nuremberg), Özgür Ertunc
(Ozyegin University), Thomas Lichtenegger (Friedrich-Alexander University Erlangen-
Nuremberg), Johannes Hachmann (Friedrich-Alexander University Erlangen-Nuremberg),
Cornelia Rauh (TU Berlin), Manuel Münsch (Friedrich-Alexander University Erlangen-
Nuremberg), Antonio Delgado (Friedrich-Alexander University Erlangen-Nuremberg)
Convective mass transfer to ensure a stable liquid supply is an important issue in the coating of
Printed circuit boards (PCB’s). In case of PCB’s, the electrical contact between the different
layers is established through “ Microvias ”. These are either blind holes or buried holes with
diameters less than 80 µm and aspect ratios exceeding one. Owing to the high apect ratios, it
is difficult to ensure mass transfer in the microvias. As a result, continuous replenishment of
the copper containing solution cannot be guaranteed. Acoustic cavitation bubbles provide a
promising solution to overcome the problem. Depending on the excitation frequency used, the
cavitation bubbles can penetrate in the cavity and thus enhance mass transfer. Kaufmann et
al.[1] have used high frequency acoustic streaming at 500 kHz to increase agitation next to the
surface of the microvia. Due to microstreaming, the convective flow in the vicinity of the bub-
bles can be increased too. In the current work, the oscillation characteristics of acoustically
induced cavitation bubbles in microgaps investigated experimentally by means of high-speed
photography and acoustic measurements. Microgaps of different dimensions (width = 40 µm,
80 µm, 10 mm and depth = 50 µm) are designed to replicate the cross section of microvias in
a PCB. The aim here is to present a method which uses acoustic cavitation bubbles to enhance
mass transfer and thus improve copper deposition in microvias. The microgaps are placed in
a test-cell filled with water and subjected to an ultrasound excitation at 75 kHz. A cavitation
bubble cluster is generated at the mouth of the cavity which acts as a source of bubbles that
penetrate into the cavity. The radial oscillation characteristics and translation of these bubbles
are investigated in detail here using high speed visualizations (1 million fps)[2]. It is observed
that the bubbles arrange themselves into streamer-like structures inside the cavity. Parameters
such as bubble population and size distribution as well as their correlation with the phase of the
incident ultrasound radiation are investigated in detail here. Majority of the bubbles oscillate
stably about their equilibrium radius and thus create a microstreaming flow which improves
fluid convection. Mass transfer investigations show that fresh liquid can be continuously in-
troduced in the cavities under the action of ultrasound.
References
1. J. Kaufmann, M. Desmulliez, Y. Tian, D. Price, M. Hughes, N. Strusevich, C. Bailey, C. Liu, and
D. Hutt, “Megasonic agitation for enhanced electrodeposition of copper,” Microsystem Tech-
nologies, vol. 15, no. 8, pp. 1245–1254, 2009.
2. H. Vaidya, O. Ertunc, T. Lichtenegger, J. Hachmann, A. Delgado, and A. Skupin, “High-speed
visualization of acoustically excited cavitation bubbles in a cluster near a rigid boundary,” Jour-
nal of Visualization, pp. 1–10, 2015.
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09.03.2016 14:30 Herbert Steinrück Schleinitzstrasse 23, Raum SN23.2
A rotary wave driven by a rotating disc
Herbert Steinrück (TU WIEN), Lorenz Gusner (TU WIEN)
A vertical cylindrical tank, partially filled with water is considered. The upper lid of the tank
rotates around the cylinder axis inducing a rotational flow in the air gap between the water
surface and the lid. It has been observed that above a critical angular velocity of the lid a
rotary gravity wave in the water develops. A first approximation of the waveform and the
angular speed can be obtained by potential flow theory and is well known in the context of
sloshing tanks. In this talk, we want to investigate the driving mechanism by the rotating lid
on top of the cylinder.
To simplify the problem, we consider the liquid phase and substitute the gas flow by the
prescription of a shear stress (induced by the gas flow) on the free surface of the liquid. Fort
the discussion of the stability of the axis-symmetric base flow the Ekman number and the
Froude number, here the ratio of the angular velocity of the base flow to the angular speed
of the rotary wave are of relevance. However, for the analysis, it turns out that instead of the
Froude number a "wave-Ekman number", an Ekman number based on the angular wave speed
of the inviscid wave is more appropriate.
In a distinguished limit of a small wave-Ekman-number and small Ekman number of the base
flow, the excitation mechanism of the wave will be studied by asymptotic methods. In par-
ticular, it turns out that the boundary-layers at the side wall and bottom are in first order
responsible for the damping of the wave. On the other hand, a boundary-layer at the free sur-
face is necessary to satisfy the dynamic boundary conditions at the free surface. If the shear
stress at the free surface has a sufficiently strong radial component towards the axis, a positive
growth rate of the wave is obtained.
Moreover, a weakly non-linear stability analysis will be performed showing that the wave
co-rotating with lid bifurcates sub-critically,
while the counter rotating wave bifurcates super-critically from the axis-symmetric base flow.
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09.03.2016 14:50 Ann Kathrin Höffmann Schleinitzstrasse 23, Raum SN23.2
Der Jungebad-Apparat zur Erzeugung von Öldispersionsbädern
Ann Kathrin Höffmann (TU Dortmund), Peter Lakshmanan (TU Dortmund), Peter Ehrhard
(TU Dortmund), Thomas Ostermann (Universität Witten/Herdecke)
In medizinischen Anwendungen wird der Jungebad-Apparat zur Herstellung von Öldisper-
sionsbädern eingesetzt. Zur Erzeugung der Öl-Wasser-Dispersion wird während des Befüll-
vorgangs eines Bades wirkstoffhaltiges Öl im Badewasser dispergiert. Hierzu werden keine
Zusatzstoffe wie Emulgatoren oder Stabilisatoren eingesetzt. Im Vergleich zu herkömmlich
hergestellten Öldispersionsbädern, ist das Ziel die Erzeugung von möglichst kleinen Öltropfen
mit einer großen volumenspezifischen Oberfläche, sowie eine möglichst homogene Verteilung
der Öltropfen im Wasser. Durch die große spezifische Oberfläche des Öls wird eine optimale
Aufnahme der Wirkstoffe durch die Haut des Patienten erreicht.
In dieser Arbeit werden experimentelle Untersuchungen zur Funktionsweise des Jungebad-
Apparates vorgestellt und im Hinblick auf die geforderten Eigenschaften der entstehenden
Dispersion diskutiert. Die Analyse des Funktionsprinzips und der Öl-Wasser-Dispersion er-
folgt mit Hilfe optischer Aufnahmen einer Hochgeschwindigkeitskamera. Die Ergebnisse
zeigen, dass mit Hilfe des Jungebad-Apparates die Dispersion von Öl in Wasser gegenüber
herkömmlichen Methoden zur Herstellung von Öldispersionsbädern verbessert und die Re-
produzierbarkeit gewährleistet werden kann.
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09.03.2016 15:10 Marek Werner Schleinitzstrasse 23, Raum SN23.2
Void dynamics in lead-free Sn-Ag-Cu solder joints
Marek Werner (Uni Siegen), Kerstin Weinberg (), Thomas Reppel ()
As a result of thermal and mechanical loading of Sn-Ag-Cu solder joints pores, flaws and
voids may nucleate and grow. Such void nucleation is studied here by means of a phase
field approach which accounts for both, decomposition of the solder into phases described
by its concentration c and a long-range interactions implemented by an additional phase field
parameter η . In this investigation, the void growth results from thermal driven vacancy motion
only, effects due to grain size and interstitials are not involved, cf. [1].
The free energy functional is approximated by a second order Taylor expansion and thus com-
posed of a bulk free energy density and a Ginzburg-type gradient term. It is modified in such
way that singularities within the first derivative are avoided to guarantee convergence using
Newton-Raphson recursion formula and a B-spline based finite element analysis. The bulk
free energy density φ is customarily modeled and is based on mixing entropy and vacancy
formation energy. Experimental vacancy-formation energies for Sn, Cu and Ag are adapted
from [2].
The reduced gradient-energy coefficient κ depends on φ and is calculated similar to [3]. Esti-
mating κ ∼ 1nm, phase field simulations are restricted to the nano-scale to capture this small
resolution. Therefore, a modified approach is advised to extrapolate the numerical results to
larger scale problems.
References
[1] S. Rokkam, A. El-Azab, P. Millett and D. Wolf, Modelling Simul. Mater. Sci. Eng. 17
064002, 1–18 (2009).
[2] H. M. Polatoglou, M. Methfessel and M. Scheffler, Phys. Rev. B 48 (3), 1877–1883
(1993).
[3] A. A. Semenov and C. H. Woo, Acta Mater. 60, 6112–6119 (2012).
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09.03.2016 16:00 Loic Wendling Schleinitzstrasse 23, Raum SN23.2
Influence of design parameters on the simulations of cooling oil jets for internal com-
bustion engine applications using level set method.
Loic Wendling (Chair for Computational Analysis of Technical Systems (CATS))
Year after year, the automotive industry is faced with an increased customer demand for inter-
nal combustion engines (ICE) with higher specific power. One prerequisite for higher power is
the active cooling of the pistons. Most frequently, the mainly investigated cooling mechanism
is oil cooling; reasons being (1) the high cooling performance of lubricating oil and (2) its
availability in the engine. What remains unknown is the adequate cooling design; particularly
since the architecture of an ICE makes it difficult to obtain insights into the exact cooling be-
havior. In this context, the numerical simulation of the oil jet allows the deep investigation of
the interaction between piston a cooling jet.
The resulting two-phase flow problem is governed by the incompressible Navier-Stokes equa-
tions with Newtonian constitutive model. It is implemented in a stabilized space-time finite
element framework. To represent the two phases (oil and air), we exploit the flexibility of
the level-set method; capturing complex splitting and merging behavior. The challenges to
the simulation are twofold: Firstly, we have to deal with steep discontinuities in the material
properties between the two phases; a strong influence on the convergence behavior. Further-
more, the atomization of the jet has to be represented accurately, as it is a main driver of the
cooling.
Presented topics will be the numerical analysis of the jet flow as well as results towards quan-
tifying the impact of the design parameters (1) inflow mass flow rate and (2) temperature.
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09.03.2016 16:20 Christoph Rettinger Schleinitzstrasse 23, Raum SN23.2
Simulations of Particle-laden Flows with the Lattice Boltzmann Method
Christoph Rettinger (Friedrich-Alexander-Universität Erlangen-Nürnberg), Ulrich Rüde
(Friedrich-Alexander-Universität Erlangen-Nürnberg)
In computational fluid dynamics, the Lattice Boltzmann method (LBM) has developed into a
viable alternative to other methods like Finite Volume or Finite Elements to solve the Navier-
Stokes equations numerically. Besides extensions for e.g. multiphase and thermal flows, the
simulation of particle-laden flows with LBM has attracted the attention of many which led
to the development of different algorithms over the years. In this talk, I will present a brief
overview of those coupling techniques and then focus on the most prominent one, the mo-
mentum exchange approach developed by Ladd [1]. It allows for geometrically fully resolved
particles, a key aspect of direct numerical simulations, and can treat particles of arbitrary
shapes. Even though it has been around for over 20 years now, there are still ongoing dis-
cussions about different aspects of this approach [2]. As many industrially relevant processes
involve several thousand particles and feature complex flow patterns, those systems are also
challenging from a computational point of view. To be able to explore such systems, the
WALBERLA framework [3], developed at the University of Erlangen-Nuremberg, has turned
out to be a suitable choice thanks to its flexibility and excellent scalability from laptops up
to the largest available computer clusters. I will illustrate its capabilities with some example
problems, like the fluidization of a particle bed which is found in fluidized bed reactors.
References
[1] A. J. Ladd: Numerical simulations of particulate suspensions via a discretized Boltzmann
equation. Part 1. Theoretical foundation. Journal of Fluid Mechanics, 271:285–309, 1994.
[2] C. Peng, Y. Teng, B. Hwang, Z. Guo, and L.-P. Wang: Implementation Issues and Bench-
marking of Lattice Boltzmann Method for Moving Rigid Particle Simulations in a Viscous
Flow. Computers & Mathematics with Applications, doi:10.1016/j.camwa.2015.08.027,
2015.
[3] C. Godenschwager, F. Schornbaum, M. Bauer, H. Köstler, and U. Rüde: A Framework for
Hybrid Parallel Flow Simulations with a Trillion Cells in Complex Geometries. Confer-
ence Proceedings of SC13, pp. 35-1 – 35-12, 2013.
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09.03.2016 16:40 Tim Neumann Schleinitzstrasse 23, Raum SN23.2
Numerical investigation into a liquid displacing a gas in thin porous layers
Tim Neumann (TU Dortmund), Boettcher Konrad (TU Dortmund), Peter Ehrhard (TU Dort-
mund)
The cells of a lithium-ion battery may be considered as electrodes made of copper and alu-
minum, each with a thin porous coating and separated by a permeable layer, so that one el-
ementary cell is composed of three porous layers with heterogeneous characteristics. The
whole battery consists of many of these elementary cells. To optimize the filling process of
such batteries with the electrolyte, a numerical model for the flow of a liquid displacing a gas
in a elementary cell is established.
The investigation is based upon the volume-averaged Navier-Stokes equations, using a vol-
ume of fluid method to cover the multiphase flow. The flow is investigated with respect to
the wall effect and to capillary action within the porous matrix. The viscous forces are taken
into account, using the generalized Darcy’s law, as a momentum sink, with the permeability
proportional to the square of the hydraulic diameter, depending on porosity. For the filling
process, small Reynolds numbers are expected so that inertial forces can be neglected.
On the one hand, model experiments with similar particle-size distributions as in the layers
are conducted to extract the porosity as function of the wall distance. On the other hand, ex-
periments with the three different porous layers of the battery are performed to receive mean
values for the most important properties related to the two-phase flow. Since the layers are thin
and the characteristic size of the particles is comparatively large, friction at the electrode is
taken into account while the contact line is allowed to move along the wall. Also the transition
between two different layers is modeled.
The implemented models are validated against analytical results, showing fairly good agree-
ment. Further, results of the displacement flow in parts of the elementary cell are presented
and discussed, showing a considerable influence of the modeled effects onto the flow charac-
teristics.
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09.03.2016 17:00 Michael Dreyer Schleinitzstrasse 23, Raum SN23.2
The Axial Sloshing of Liquid Hydrogen in Cylindrical Containers with Superheated
Walls in Weightlessness
Michael Dreyer (University of Bremen)
The most powerful rocket upper stages use liquid oxygen (LOX) as oxidizer and liquid hydro-
gen (LH2) as propellant. By shutting down the engine, the spacecraft enters microgravity and
the fluid free surface is now dominated by capillary forces. Since liquid hydrogen is a per-
fectly wetting fluid with the contact angle γs = 0◦ an axial sloshing motion is initialized. First
technical investigations of the reorientation period were performed by Siegert et. al. [1] in
the context of the Apollo program in the 1960s. They used a small drop tower to examine the
reorientation of different liquids at room temperature, liquid Nitrogen and LH2 (Tsat = 20.3K
at psat = p0 = 101325Pa). In contrast to storable liquids, LH2 is kept under saturation con-
ditions and the surrounding walls are superheated. During the rise at the wall the meniscus
travels through a wide range of superheat temperatures and the motion of the meniscus is dis-
turbed by the evaporation and its recoil. The influence of these effects on the sloshing motion
of liquid argon and methane was investigated scientifically by Kulev et. al.[2][3] and Schmitt
and Dreyer [4] using LH2 in the drop tower in Bremen, Germany.The actual experiments were
performed at the same drop tower at the University of Bremen. It provides microgravity for
an experiment duration of t1 = 4.74s with acceleration residuals of gres < 10−5g0 by drop-
ping down an experiment capsule a 110m tall evacuated drop tube. The experiment is built
up inside a cryostat that contains liquid helium (LHe, Tsat = 4.2K at p0) as coolant and is
thermally insulated from the environment by vacuum and multiple radiation shields. The ex-
periment vessel is placed inside this cryostat and is made from glass, which allows an optical
observation by an endoscope. Its inner radius is r = 26.2mm, and it is filled with LH2 up to
h= 42mm from the bottom. The system is a single species hydrogen system with two phases
which is hermetically sealed.Temperature sensors are bonded to the outside of the cylinder
wall to determine the temperature distribution in the height axis. The temperature is regulated
by two heating foils on the glass cylinder and the connecting flange respectively. A third heat-
ing foil is applied on the bottom of the vessel to manipulate the thermal stratification of the
bulk liquid. With exception of the temperature sensors the measuring equipment is assembled
outside the cold area.The influence of two parameters on the sloshing motion and the pres-
sure evolution were investigated, so the temperature gradient at the wall above the free surface
∆T/∆z=−5K/m . . .690K/m and the temperature difference in the liquid from the free surface
to the liquid bulk ∆Tsub = 0.12K . . . 2.24K.Three regimes of superheating were identified. In
regime A, the liquid and the wall are quasi-isothermal, no nucleation occurs. In regime B,
the wall is that much superheated to create nucleate boiling in a retarded manner. This is in
contrast to regime C where nucleate boiling occurs immediately after wetting the surface.
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09.03.2016 17:20 Günter Brenn Schleinitzstrasse 23, Raum SN23.2
Nonlinear instability of a viscous liquid jet
Günter Brenn (Graz University of Technology), Marie-Charlotte Renoult (CNRS, Université
du Havre), Innocent Mutabazi (CNRS Université du Havre)
We investigate the weakly nonlinear temporal instability of an axisymmetric Newtonian liquid
jet. Early nonlinear studies on the capillary instability of inviscid liquid jets were carried up
to the third order contributions to the jet deformation and showed the nonlinear interaction be-
tween different modes. A recent study on the weakly nonlinear instability of planar Newtonian
liquid sheets revealed the role of the liquid viscosity in the sheet stability behavior and showed
a complicated influence (J. Fluid Mech. 735 (2013), 249-287). Here, the instability of a liq-
uid jet is examined as the axisymmetric counterpart of the sheet, in search for corresponding
insight into the role of the liquid viscosity in the jet instability mechanism.
In this work, the jet liquid is assumed to be incompressible and Newtonian. The problem is
formulated in cylindrical coordinates. Body forces are not accounted for, since the Froude
numbers are large. The equations of motion are non-dimensionalized with the undeformed jet
radius a, the time scale (ρa3/σ)1/2 and the pressure σ/a where ρ is the liquid density and σ
is the liquid-air surface tension. First, the flow equations are linearised, formulating velocities
and pressure as consequences of small deformations of the jet surface. Representing the ve-
locities as derivatives of a disturbance stream function and taking the curl of the momentum
equation, a fourth-order partial differential equation is obtained(
1
Oh
∂
∂ t
−E2
)
E2ψ = 0
for the disturbance stream function, where E2 = r∂/∂ r((1/r)∂/∂ r)+ ∂ 2/∂ z2. Its solution
reads
ψ(r,z, t) = (C1rI1(k1r)+C3rI1(l1r))exp(ik1z−α1t) ,
where k1 is the real disturbance wave number, α1 is a complex frequency, and I1 is a modified
Bessel function of the first kind. We have discarded the modified Bessel functions of the
second kind for regularity of the solution on the jet axis. We have furthermore defined l21 =
k21 −α1/Oh and the Ohnesorge number Oh = µ/(σaρ)1/2, where µ is the liquid dynamic
viscosity. The flow field is determined by spatial derivatives of the stream function, and the
two integration constants are determined by the kinematic and dynamic, zero-shear stress
boundary conditions. The normal-stress boundary condition yields the dispersion relation
governing the linear stability behaviour of the jet. The nonlinear behaviour is now obtained
by representing the velocity components and the pressure by series expansions with a small
parameter η0, corresponding to the initial amplitude of deformation. The expansion for the
axial flow velocity, as an example, reads
uz = uz1η0 +uz2η20 + . . . .
Introducing the expansions into the equations of motion and into the boundary conditions,
we obtain previous equations determining the linear problem in terms of the quantities with
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09.03.2016 17:40 Róbert Bertóti Schleinitzstrasse 23, Raum SN23.2
Flow-induced anisotropic viscosity in short fiber reinforced polymers
Róbert Bertóti (Karlsruhe Institute of Technology (KIT)), Thomas Böhlke (Karlsruhe Institute
of Technology (KIT))
Fiber reinforced polymer products are commonly manufactured in injection molding or com-
pression molding processes. Due to the fabrication of the composites, during the flow of the
material, the interaction between the fluid and the fibers influences the final fiber orientation
state, which strongly affects the mechanical properties of the compounded parts.
The interaction between the fluid and the fibers can be divided in two main effects. The first
effect is the orientation change of the fibers caused by the flowing fluid, this is described with
different kind of models in the literature [1, 2]. The second effect is the influence of the fiber
orientation distribution on the flow, this is mostly neglected in the simulations.
A mean field approach is presented to model the fluid-fiber interaction, with the use of a simple
homogenization scheme, to determine the effective linear viscosity of the fiber-matrix mixture.
An one point model on the macro scale is formulated, based on a dilute distribution approx-
imation. The fibers are represented individually or by second- and fourth-order orientation
tensors [3].
Furthermore, the evolving effective viscosity is used to determine the effective stress in the
fluid. The numerical results for simple flow cases, such as simple shear, isochoric elongation,
isochoric compression and plain strain flows are compared to the model used by Latz et al.
[4].
References
[1] Jeffery, G. B, The Motion of Ellipsoidal Particles Immersed in a Viscous Fluid, Proceed-
ings of the Royal Society of London, Series A 102(715), 161-179, 1922
[2] Phelps, J. H, and Tucker III, C. L, An anisotropic rotary diffusion model for fiber orienta-
tion in short-and long-fiber thermoplastics, Journal of Non-Newtonian Fluid Mechanics,
156(3), 165-176, 2009
[3] Advani, S. G, and Tucker III, C. L, The Use of Tensors to Describe and Predict Fiber
Orientation in Short Fiber Composites, Journal of Rheology, 31(8), 751-784, 1987
[4] Latz, A, Strautins, U, and Niedziela, D, Comparative numerical study of two concentrated
fiber suspension models, Journal of Non-Newtonian fluid mechanics, 165(13-14), 764-
781, 2010
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10.03.2016 08:30 Cosimo Buffone Schleinitzstrasse 23, Raum SN23.2
Standing wave detected by InfraRed thermography in Marangoni convection
Cosimo Buffone (Friedrich-Alexander Universität), Antonio Delgado (Friedrich-Alexander
Universität)
This contribution deals with phenomena observed at free surfaces/interfaces. A standing wave
has been detected in the evaporating meniscus formed on acetone inside a capillary tube of 1
mm internal diameter. The standing wave is believed to originate from the interaction between
surface tension and gravitational forces. It is found that the standing wave ensues only at the
upper part of the meniscus interface where gravity and surface tension act in the opposite di-
rection. This experimental observation is similar to standing waves observed in floating zones
in microgravity but different from travelling waves reported recently in volatile drops. With
the use of InfraRed thermography we recorded the temperature distribution of the meniscus
interface and we evaluated the first characteristic frequency to be around 0.3 Hz.
1053

10.03.2016 08:50 Hans-Henning Schippke Schleinitzstrasse 23, Raum SN23.2
Numerische Modellierung der Freispiegelströmung am Beispiel eines Kreisseg-
mentschützes
Hans-Henning Schippke (TU Braunschweig), Christian Seidel (TU Braunschweig), Dieter
Dinkler (TU Braunschweig)
Verschlussorgane im Wasserbau wie Wehre und Schütze stellen ein wichtiges Element zur
Steuerung der Wasserspiegellage einer Stauhaltung dar. Die bei einer Schützüberströmung
vorliegende freie Wasserspiegellage führt zu einem hochkomplexen Strömungsgebiet, in dem
die Wechselwirkungen der beiden angrenzenden Fluide, Wasser und Luft, von Bedeutung sind.
Aufgrund der hohen Komplexität der strömungsmechanischen Phänomene bei der Wehr- und
Schützüberströmung, insbesondere im Hinblick auf die Ausbildung des Überfallstrahls, er-
folgt die Untersuchung von Freispiegelströmungen im wasserbaulichen Versuchswesen im
Allgemeinen an physikalischen Teil- oder Vollmodellen im Wasserbaulabor.
Eine numerische Untersuchungen von Freispiegelströmungen über Wehre und Schütze ist bis
heute eine äußerst anspruchsvolle Modellierungs- und Berechnungsaufgabe, besonders im
Hinblick auf die Stabilität des Lösungsverfahrens und der Berücksichtigung der zu wählenden
komplexen Randbedingungen und der physikalischen und numerischen Parameter. Darüber
hinaus wird die zu untersuchende Fragestellung durch die Existenz und Interaktion der beiden
vorhandenen Fluide zuzüglich einer im Allgemeinen geometrisch komplexen Festkörperstruk-
tur erschwert.
Für die numerische Modellierung des komplexen Strömungsverhaltens bei Schützüberströ-
mungen mit und ohne abgelösten Überfallstrahl wurde im Rahmen der Entwicklung einer
Forschungswasserkraftanlage für die an der TU Braunschweig entwickelten Stahl-Hochleis-
tungswasserräder ein leistungsfähiges numerisches Modell zur Abbildung von Zwei-Fluid-
Struktur-Interaktionen entwickelt.
Innerhalb dieses Modelles stellen ohne Berücksichtigung der Struktur die Fluide Wasser und
Luft mechanisch gesehen ein gekoppeltes Zwei-Feld-System dar, welches für die Beschrei-
bung von Schützüberströmungen benötigt wird. Mit Berücksichtigung der Struktur handelt
es sich um ein gekoppeltes Drei-Feld-System, welches für die numerische Untersuchung von
rotierenden Wasserrädern zum Einsatz kommt.
Hinreichend genau ist es möglich aufgrund der geringen Mach-Zahl der Luft beide Fluide
einheitlich mit Hilfe der inkompressiblen Navier-Stokes Gleichungen zu modellieren. Das
Schütz selbst kann aufgrund der maschinenbautechnischen Anforderungen für den jeweiligen
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10.03.2016 09:10 Kerstin Eckert Schleinitzstrasse 23, Raum SN23.2
Mass Transfer-driven hierarchic Marangoni Structures
Karin Schwarzenberger (TU Dresden), Thomas Köllner (TU Ilmenau), Kerstin Eckert (TU
Dresden), Thomas Boeck (TU Ilmenau)
Mass transfer of surface-active substances across fluidic interfaces is frequently accompanied
by Marangoni instability [1]. The resulting convective structures are complex, transient and
often show a hierchical order. A better understanding of them is of interest for both pattern
formation in dissipative systems and technological applications, e.g. in extraction processes,
as these structures influence the mass transfer rates [2, and references therein]. To achieve
this, model systems, consisting of two immiscible plane solvent layers are used in which the
material properties and the direction of mass transfer were systematically varied. By means
of a combination of experimental work with 2D and 3D direct numerical simulations we were
able to decipher the main building blocks of the convective patterns and to understand the
mechanism of hierarchy formation. The talk gives an overview about these patterns with
particular attention to two main structure classes, cells and relaxation oscillations.
[1] Th. Köllner, K. Schwarzenberger, K. Eckert, Th.Boeck (2013), Phys.Fluids 25, 092109
[2] K. Schwarzenberger, Th. Köllner, H. Linde, Th. Boeck, S. Odenbach, K. Eckert (2014),
Adv.Coll.Interf.Sci. 206, 344
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10.03.2016 13:30 Rodion Groll Schleinitzstrasse 23, Raum SN23.2
Computational magneto-hydrodynamic modeling of hyper-sonic flows with resolved
shock wave diffusion
Charles Chelem (Universität Bremen), Rodion Groll (Universität Bremen)
The present model describes magneto-hydrodynamic (MHD) effects on diffusing shock waves
in compressible flows. The robustness and the accurateness of the new density-based numer-
ical algorithm in his ideal form was tested on a series of benchmark numerical experiments
like a MHD shock tube [Brio and Wu] and a magneto-hydrodynamic cloud-shock experiment
[Xisto et al.].
To deal with the interpolation procedure, we make use of interpolation schemes available
for interpolation of density, temperature, velocity and the magnetic field. For the discretiza-
tion of laplacian terms with diffusion coefficient for polyhedral meshes, we make use of the
Gauss linear uncorrected schemes to deal with the case that the consecutive cell faces are
non-orthogonal. The approach described above and developed in the present project has been
coupled with semi-discrete central schemes (e.g. [Greenshields et al.]). All computational
results are validated with verified data and analytical results.
Brio M. and Wu C.C., An upwind differencing scheme for the equations of ideal magneto-
hydrodynamics.Journal of computational physics., vol. 75, pp. 400-422, 1988.
Xisto C.M., Pascoa J.C., Oliviera P.J., A pressure-based high resolution numerical method for
resistive MHD. Journal of Computational Physics., vol. 275, pp. 323-345, 2014.
Greenshields C.J., Weller H.G., Gasparini L., and Reese J.M, Implementation of semidiscrete,
non-staggered central schemes in a collocated, polyhedral, finite volume framework, for high-
speed viscous flows. International Journal for Numerical Methods in Fluids, vol. 63, pp. 1-21,
2010.
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10.03.2016 13:50 Jose Fernando Cuenca Jimenez Schleinitzstrasse 23, Raum SN23.2
Tangential Homology for Defect Detection in the Time of Flight Diffraction Method
(TOFD)
Jose Fernando Cuenca Jimenez (University of Hamburg), Armin Iske (University of Ham-
burg)
The Time of Flight Diffraction Method (TOFD) has worldwide been used for automated weld
inspection, especially in applications of steel industry, where welding processes are rather im-
portant to guarantee the quality of pipelines. In this method, ultrasonic waves are sent through
the inspected material in order to gather data that encloses important information about the
existing defects. This leads us to a shape recognition problem from noisy data, since the stud-
ied defects (crack propagation and pores) present different shapes in the received data [4]. To
ensure a fast classification and detection of the different types of defects without human in-
teraction, different approaches have been tried already. For example, in [1] an artificial neural
network is used. We propose a method that relies on persistent homology applied to tangent
spaces of curve point cloud data [2]. A barcode for shape description is computed to create a
finger print of the different types of defects that may appear in TOFD measurements.
REFERENCES
1. Cenate, C. T., Rani, B. S., Venkatraman, B., & Sangeetha, D. N. Classification of De-
fects in Time of Flight Diffraction (TOFD) Images Using Artificial Neural Network.
2. Collins, A., Zomorodian, A., Carlsson, G., & Guibas, L. J. (2004). A barcode shape
descriptor for curve point cloud data. Computers & Graphics, 28(6), 881-894.
3. Cuenca, J.F. & Iske, A. Persistent Homology for Defect Detection in Non-Destructive
Evaluation of Materials. Submitted.
4. Zahran, O., & Nuaimy, W. (2004). Automatic classification of defects in time-of-flight
diffraction data. ndt. net, 30.
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10.03.2016 14:10 Stephan Rudykh Schleinitzstrasse 23, Raum SN23.2
Elastic Wave Propagation in Soft Composites
Stephan Rudykh (Technion - Israel Institute of Technology), Pavel Galich (Technion - Israel
Institute of Technology)
Elastic wave propagation has been investigated intensively because the understanding of this
phenomenon is important for a large variety of applications. The fields of applications in-
clude nondestructive material testing, ultrasonic transducers, vibration dumpers, wave-guides,
acoustic mirrors and filters. Recently, a new class of synthetic acoustic metamaterials has
attracted a considerable. The attractive properties of these metamaterials originate in their
microstructure, which can be predesigned to significantly affect elastic wave propagation.
Furthermore, soft metamaterials, due to their capability to undergo finite deformations, open
the promising opportunities of tuning elastic/acoustic properties via deformation [1, 2, 3, 4].
Imposed deformations influence the wave propagation in two ways: first, the geometry of
the microstructure evolves with the deformation; second, local deformations that the material
experiences lead to inhomogeneity in local material properties (such as local stiffening [2]).
Soft biological tissues often can be found in similar, pre-stressed or pre-deformed conditions
due to, for example, growth, damage or remodeling. This condition can be used to trigger
sudden and reversible pattern transformations which are frequently accompanied by changes
in elastic/acoustic properties. Here, we specially focus on the influence of instability-induced
interfaces on elastic wave propagation in finitely deformed layered materials. It is known that
layered materials compressed along the layers can demonstrate bifurcations [5, 6, 7, 8, 9].
This phenomenon can be used for inducing wavy interfaces with tunable wavelengths and
amplitudes [6].
To take into account finite deformation non-linear effects as well as material non-linearity, we
analyze the wave propagation in terms of incremental small-amplitude motions superimposed
on a finitely deformed state [2, 10, 3, 4]. For investigation of elastic wave propagation in
periodic media we use the Bloch-Floquet method [1]. The techniques are employed for the
layered materials subjected to finite deformations.
The onset of instability in initially deformed interfacial layers occurs when a critical compres-
sive strain or stress is achieved [6]. Further compression beyond the critical strain leads to
an increase in the wrinkle amplitude of the interfacial layer. This, in turn, gives rise to the
formation of a system of periodic scatterers, which interfere with wave propagation. We show
that that the topology of wrinkling interfacial layers can be controlled by deformation, and
can be further used to produce band-gaps and to filter undesirable frequencies [1]. We find
that the bad-gap mechanism can be achieved even for composites with similar or identical
densities. Since the microstructure change is reversible, the method can be used for tuning
and manipulating wave propagation by use of deformation in a reversible manner.
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On Torsional Divergence of Composte Fins
Bosko Rasuo (University of Belgrade, Faculty of Mechanical Engineering), Mirko Dinulovic
(University of Belgrade, Faculty of Mechanical Engineering), Branimir Krstic (University of
Defense, Belgrade, Serbia)
In the present paper the static aeroelastic phenomenon known as torsional divergence is in-
vestigated on rocket stabilizers (fins) made of composite materials. Using analytic approach,
the differential equation for torsional divergence of composite trapezoidal stabilizer is derived.
The equation obtained was in the form of second order differential equation with variable co-
efficients. The solution to divergence equation was obtained using Galerkin’s approach and
the complete solution procedure is presented. Required material elastic coefficients were cal-
culated using micro-mechanics composite analysis for lamina, and classical lamination theory
(CLT) for complete stabilizer laminate lay-up. It was found that Galerkin’s approach can be
successfully deployed in solving differential divergence equation and divergence speed (VD)
of composite stabilizer in subsonic air-flow can be effectively calculated.
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10.03.2016 14:50 Stefanie Retka Schleinitzstrasse 23, Raum SN23.2
A strategy to implement volume sources into Galbrun equation
Stefanie Retka (TU Clausthal), Mario Fleischer (Technische Universität Dresden), Willy
Mattheus (Technische Universität Dresden)
When considering noise propagation in flow in frequency domain computations, the standard
Helmholtz equation is not sufficient to describe these effects. Therefore, using the linearized
Euler equations (LEE) is common practice to describe sound propagation based on displace-
ment perturbation. Galbrun reformulated the LEE in terms of an arbitrary Eulerian-Lagrangian
description, which resulted in the displacement based Galbrun equation. This equation can
also be formulated in terms of pressure and displacements.
We want to include sources (monopoles, dipoles and quadrupoles) in the harmonic analysis of
Galbrun equation when a volume flow is present. In a first step we will solve Galbrun equation
considering a volume flow. The velocity field is obtained in a CFD computation. Afterwards,
the sources will be included in the acoustic computations as well.
Preliminary computational results are discussed and implications for future directions of re-
search are addressed.
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10.03.2016 18:00 Dominik Plümacher Schleinitzstrasse 23, Raum SN23.2
A new approach describing non-linear droplet oscillations based on the unified method
for boundary value problems
Dominik Plümacher (TU Darmstadt), Martin Oberlack (TU-Darmstadt), Yongqi Wang (TU-
Darmstadt)
We present a new system of two equations describing almost arbitrary movement of thefree
surface of a liquid drop immersed in a dynamically inactive second fluidassuming irrotational
flow and accounting for effects due to surface tension andviscosity.The approach is based
on a new method for solving boundary value problems yieldingnon-local integral represen-
tations for the corresponding solutions. This approach wasused by [1] in the case of water
waves in one or two space dimensions andtime dimension to find a system of two equations
describing the movement of the freesurface and the velocity potential on the surface.These
ideas were transfered to the case of a freely oscillating liquid drop in agas of negligible den-
sity, by taking the effects of surface tension and viscosityinto account and, further using the
usual assumption of irrotationalflow. By this procedure the first equation, the condition ofcon-
tinuity of mass, turns into an integro-differential equation whichcouples the different modes
(in terms of spherical harmonics) of thesurface excitation. The second equation is a second
order partialdifferential equation and results from both the Bernoulli equation andthe jump
condition at the surface describing the dynamic condition atthe surface of the drop.Since a
spherical coordinate system is used the resulting system of equations isdefined entirely on the
two-dimensional sphere and describes almost arbitrarymovements of the drops surface. The
only assumption made is that the movementof the drop retains a radial shape and the origin
of coordinates remains in theinterior of the drop. Therefore the new system is (in principle)
able to describesurface movements of arbitrary amplitudes.The approach has the advantage
that the resulting equations are defined on spatiallyfixed domain and the actual dependence of
time of the surface is incorporated intothe governing equations. This is done by expressing the
problem on thetwo-dimensional sphere fixed in time. Furthermore a reduction in the number
ofindependent variables is achieved.In order to solve the equations, in a first step we employ
an asymptotic expansion inthe unknowns up to order two to find two sets of linear equations
yieldingexpressions that can be solved explicitly.These equations can be further reduced by
the assumption of rotational symmetry ofthe movement (i.e. axisymmetric oscillation) and ig-
noring viscous effects. Analogously considering the equations extended by viscous effects are
considered andsolved.Another interesting test case results from considering non-axisymmetric
movement andresults are compared to [4].Yet unknown and completely new results are easily
accessible due to the fairlygeneral form of the derived system. First, the axisymmetric case
will be furtheradvanced to not yet considered cases. Second, using modern computer algebra
systemsan order expansion to higher orders will be feasible, hence giving new insight intothe
non-linear effects of moderate to large amplitude motions. Third and finally,the derived sys-
tem describes the full non-linear viscous case with surface tension upthe second order for the
first time (best to our knowledge). Therefore derivingexplicit solutions from these equations
will yield new results.
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10.03.2016 17:00 Beckett Yuxiang Zhou Schleinitzstrasse 23, Raum SN23.2
Adjoint-based Trailing-Edge Noise Minimization via Porous Material
Beckett Yuxiang Zhou (TU Kaiserslautern), Nicolas R. Gauger (TU Kaiserslautern), Seong
R. Koh (RWTH Aachen University), Matthias Meinke (RWTH Aachen University), Wolfgang
Schroeder (RWTH Aachen University)
The aim of this work is to develop an efficient discrete adjoint based framework for opti-
mally distributing porous material in the trailing-edge of aerodynamic bodies to attain noise
reduction. As the first step, the simple geometry of a flat plate with a finite thickness and a
porous trailing-edge is examined. The porous domain is discretized into 10 spanwise porous
strips. The plate is immersed in subsonic flow with a free-stream Mach number of 0.2 and
a Reynold’s number of 135000. The mean pressure fluctuation at three off-body locations
above the trailing-edge is minimized by optimally controlling the porosity and permeability
parameters within each of the 10 spanwise strips.
To model the flow over porous media, we employ an extension of the Brinkman penaliza-
tion method to the compressible Navier-Stokes equations, which models the influence of the
material permeability as penalty terms to both momentum and energy equations, as well as ac-
counting for the effect of porosity in the continuity equation. The influence of the permeable
material is modelled using three parameters – porosity, viscous and thermal permeability. The
governing equations are solved using the large-eddy simulation (LES) with a dynamic subgrid
model. An explicit five-stage Runge-Kutta method is used for time integration.
The objective function of this problem is defined as the root-mean-square of the pressure fluc-
tuation at the three off-body observation locations, while the design variables are the porosity,
viscous and thermal permeability parameters within each spanwise strip. The implementation
of the discrete adjoint formulation in this work is based on automatic differentiation (AD),
producing accurate design sensitivities to near machine precision. A quasi-Newton optimizer
is used to compute a search direction. Box constraints are imposed on the design variables
during the line search.
The optimization targets the radiated noise over 3 periods of vortex shedding at the trailing-
edge. In particular, after 5 design cycles, 82% reduction in the root-mean-square of the pres-
sure fluctuation from the baseline design at the off-body observation points was achieved, not
only within the prescribed optimization window of the 3 shedding period but well beyond
that. The overall sound pressure level (OASPL) computed at a radius 1.5 plate lengths around
the plate trailing edge shows a 12dB reduction in the normal direction where the observation
points are situated and up to 18dB in the upstream direction. It should be noted that such dras-
tic noise reduction was achieved for a quasi-2D flow by removing the tonal component. The
optimal design consists of strip viscous permeabilities that increase towards the trailing-edge.
When comparing this design with a uniformly high permeability design, it was found that
the high-permeability design does not result in further noise reduction. This underlines the
advantage of adjoint-based optimization – significant noise reduction can be achieved with-
out resorting to unnecessarily porous and permeable designs, which shall prove its merit in
in future applications of porous materials to aerodynamic surfaces in which practical deigns
constraints such as lift must be considered.
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10.03.2016 17:20 Junis Abdel Hay Schleinitzstrasse 23, Raum SN23.2
Adjoint-based Design Optimization of Acoustic Liners
Junis Abdel Hay (Universität Kaiserslautern), Emre Özkaya (Universität Kaiserslautern),
Nicolas Gauger (Universität Kaiserslautern), Norbert Schönwald (CFD Software
Entwickungs- und Forschungsgesellschaft mbH, Berlin), Frank Thiele (CFD Software
Entwickungs- und Forschungsgesellschaft mbH, Berlin)
The sound level of aero-engines was significantly reduced over the last decades. Nonetheless,
the air traffic is still growing rapidly and the limits for noise generation are reduced step by
step. In consequence further reduction of tonal fan noise is still very important for the design
of aero-engines. In general, acoustic liners are used as passive acoustic absorbers as they offer
great damping performance especially for tonal noise.
The adjustment of the liner characteristics substantially determines the damping behaviour.
The optimal liner characteristics depend on the source configuration and duct geometry and
can be found by optimization. Gradient based optimization methods offer high optimization
speed in terms of iterations.
Usually, the gradient is calculated based on a finite differences scheme but the number of pa-
rameters is very limited due to growing numerical efforts to calculate the gradient. A solution
to this problem is to develop a solver in an adjoint formulation so that the numerical efforts
to calculate the gradient become independent from the number of parameters. For a hand-
discrete formulation it is difficult to include a variety of features of a CAA solver needed for
practical application (impedance boundary, broadband, nonlinearity). Therefore, the method
of Algorithmic Differentiation (AD) was chosen by Oezkaya et al. to develop a fully featured
adjoint CAA solver based on the solver CFDNoise.
In the proposed talk, an application of this solver for design optimization of acoustic liners
will be demonstrated for the bypass duct of an aero-engine including bifurcations.
The optimization target is to minimize the sound power at the end of the bypass duct by opti-
mizing the characteristics of liner surfaces which are placed at the bifurcations and at the duct
surfaces near the bifurcation.They are modelled based on the Extended Helmholtz Resonator
impedance boundary condition (EHR) which includes five parameters.
Aside from showing the applicability of adjoint liner optimization it is investigated if a spa-
tially patch or pointwise optimization of the liner parameters offers an improved damping per-
formance over a uniform liner configuration. Global and gradient based optimization methods
based on the primal and adjoint solver versions are used for the optimizations.
Three different configurations are examined. The first configuration includes identical liner
parameters for all liner surfaces (5 parameters in total). For the second configuration the liner
surface is split into 40 axially and azimuthally distributed patches (200 parameters in total).
Finally the liner parameters are optimized for each liner surface grid point leading to a total of
around 500k parameters. This application would be impossible without the use of an adjoint
solver.
During the optimization process fundamental problems are identified and the results of the
optimizations are shown and compared to each other.
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10.03.2016 17:40 Sergey Lesnik Schleinitzstrasse 23, Raum SN23.2
Modeling of Non-linear Damping in Acoustic Cavitation
Sergey Lesnik (TU Clausthal), Gunther Brenner (TU Clausthal)
Acoustic cavitation applied in process engineering allows speeding up a wide range of chem-
ical reactions. The geometries of chemical reactors are mostly not customized for such appli-
cations. There is a lack of validated numerical tools enabling simulations suitable for reactors’
optimization.
A solver for acoustic cavitation is proposed, which predicts acoustic field inside a reactor
and quantifies damping effect of cavitation bubbles. Since the time and length scales of the
problem can differ in several orders of magnitude, a special treatment during the modeling is
applied. The cavitation bubbles are modeled as particles based on Lagrangian approach. The
Euler-Euler method is applied for the field quantities. A suitable coupling between the two
methods is introduced.
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10.03.2016 15:10 Rinie Akkermans Schleinitzstrasse 23, Raum SN23.2
From CAA to CFD
Rinie Akkermans (TU Braunschweig), Paul Bernicke (TU Braunschweig), Roland Ewert
(DLR Braunschweig), Juergen Dierke (DLR Braunschweig), Nadine Buchmann (TU Braun-
schweig)
In this contribution an application of a computational aeroacoustics code (CAA) as a hybrid
Zonal DNS tool is presented. For this purpose the CAA-code PIANO (Perturbation Investiga-
tion of Aerodynamic NOise) from DLR is used. This PIANO-code contains many traditional
hybrid CAA-features such as block-structured, high-order, low dispersive and dissipative char-
acteristics. The sound propagation is computed by numerically integrating the linearized Euler
equations, acoustic perturbation equations, or the Non-Linear Perturbation Equations (NLPE).
The here used hybrid approach is based on an implementation of the NLPEs extended with
viscous terms and as such is applicable for full DNS investigations. This DNS capability is a
fundamental difference with PIANO in its traditional application modus as a CAA-code.
The here used hybrid approach is based on a perturbation analysis performed on top of a back-
ground flow. As opposed to the so-called embedded approach, the here proposed method is
named Overset to emphasise that the DNS is performed on top of a background flow (i.e.,
background flow and perturbation analysis mutually exist in some region of the domain).
The governing equations are concisely presented, followed by applications to a fully developed
turbulent channel flow and decaying turbulence. The latter example illustrates an extension
to LES, where sub-grid scale model parameter are calibrated and validated against reference
DNS data. The close agreement in the results confirms the expected low-dissipation and dis-
persion character of the numerical method and illustrates the correct implementation of the
sub-grid scale model. Future work will be focussing on the prediction of aeroacoustic sources
of trailing-edge noise by applying the Overset method as a hybrid Zonal LES tool.
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10.03.2016 18:20 Sebastian Rothe Schleinitzstrasse 23, Raum SN23.2
Optimal adaptation of acoustic black holes by evolutionary optimization algorithms
Sebastian Rothe (TU Braunschweig), Vahid Ghaffarimejlej (TU Braunschweig), Sabine C.
Langer (TU Braunschweig), Thomas Vietor (TU Braunschweig)
A reduced sound radiation of constructions is focusing increasingly on the interest of engi-
neers. In particular, structures with a large surface, such as linings of airplanes or a roof or a
bottom plate of cars, tend to be good acoustic radiators and lead to an annoyance of passengers.
As countermeasures, often complex and consuming design changes or expensive active mea-
sures are used. In many cases, a more elegant and cheaper option is to improve the acoustic
properties by using passive measures. Acoustic black holes are an innovative passive method
which combines several advantages: A material reduction by improving acoustic properties is
performed.
The main idea is to guide and to focus acoustically critical bending waves by specific wall
thickness diminution. Through targeted local damping placement in the middle of an acoustic
black hole, a structure can be globally acoustically damped in a very efficient way. The effi-
ciency depends on the position and size of the acoustic black holes. Finding the optimal size
and position on the structure is therefore an important challenge.
This paper introduces a new strategy to find an optimal position and size of acoustic black
holes to reduce the sound radiation of plane structures by using evolutionary optimization
algorithms. Numerical calculations are shown on a rectangular plate by way of example.
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10.03.2016 18:40 Katharina Völkel Schleinitzstrasse 23, Raum SN23.2
Study on the influence of spectrum and directivity on the uncertainty of the sound power
determined using the substitution method
Katharina Völkel (Physikalisch Technische Bundesanstalt, Braunschweig, Germany), Volker
Wittstock (Physikalisch Technische Bundesanstalt, Braunschweig, Germany)
The sound power is the main quantity to describe the total amount of sound emitted by a
source. According to the substitution method the sound power of an unknown sound source
can be determined by replacing it with a reference sound source of known sound power. Both
sources are measured one after the other. Because the sound power of the reference sound
source is known, the sound power output of the unknown source can be calculated. Stan-
dards guiding this procedure are ISO 3741, 3743-1 and 3747. At present these standards are
lacking a quantitative relation between the characteristics of the sound sources used and the
uncertainty budget of the determined sound power level. To change this, models describing
the spectral shape and directivity of sound emission of unknown sound sources were estab-
lished. The models described sound pressure levels on enveloping surfaces of source under
test. These could be compared to measurement data for a reference sound source. Using the
substitution method sound power levels for the model data could then be calculated. Models
were generated using both a pseudo-random number generator as well as finite element soft-
ware. Sound sources were assumed to be run in closed rooms, whose wall properties were
varied so as to provide smaller or larger amounts of reflection to the incoming sound waves.
Using Monte-Carlo simulations the behavior of the uncertainty that is due to spectral shape
and directivity of sound emission of sources under test was investigated.
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08.03.2016 08:30 David Williams Schleinitzstrasse 23, Raum SN23.1
Time Delay and Decay Models for Control of Transient Flow Separation
David Williams (Illinois Institute of Technology), David Williams (Illinois Institute of Tech-
nology)
The forces and moments produced by airfoils undergoing periodic pitching maneuvers often
form dynamic hysteresis loops. The size and shapes of the loops depend on the degree of flow
separation and the rate of change of angle of attack. Closed-loop active flow control can be
used to reduce the size of the hysteresis loops provided models exist for the force response to
the pitch angle (disturbance model) and for the force response to the flow control actuation
(plant model). An, et al. (2014) showed that a variation of the nonlinear state space model
introduced by Goman & Khrabrov (1994) is quite effective at capturing the effects of dynamic
lift hysteresis on a pitching NACA-0009 airfoil, and it can be used as a disturbance model
for control. The G-K model uses a state variable X that nominally represents the degree of
flow attachment. The state equation is a first order equation with two time constants τ1 and
τ2, where τ1 dXdt +X = X0(α − τ2α˙). The X0 function is a nonlinear static map obtained by
experiment, and the two time constants are also obtained by fitting experimental data. The lift
is computed from CL(α,X) = 2piα(0.4+ 0.6X)+ 0.01. The time constants and X0 function
only need to be found once for a given airfoil. Comparisons of the model with experimental
data will be shown during the presentation.
When active flow control is used to modify the hysteresis, then it is beneficial to have a model
of the lift response to actuation. We found that when the airfoil is at a fixed angle of attack,
periodic variation in the actuation amplitude also produces hysteresis in the lift. This behavior
occurs even at very low actuation frequencies, k = 0.064, which means the quasi-steady ap-
proximation will not be useful in controller design. However, we found that another relatively
simple time delay and decay model is able to capture this behavior. The plant model has the
form τa1 dYdt +Y = Y0[V (t− τa2)], where Y0 is the quasi-steady lift increment, which depends
on the voltage V . The lift increment is computed from ∆CL = Y∆CLmax . The hysteresis loops
resulting from actuation have different characteristics than those obtained by pitching. Elliptic
shaped loops are formed, and at low forcing frequencies (k= 0.064) the largest lift increment
occurs near the largest actuator voltage. The orientation of the major axis rotates clockwise as
the forcing frequency increases, and a surprising result occurs when the forcing frequency is
increased to k= 0.25. In this case the largest lift increment occurs at nearV = 0, i.e., when the
actuator is off. The model is in good agreement with experiments, which show the unexpected
behavior at high frequencies. The combination of the disturbance model and the plant model
were used in a closed-loop feedforward-feedback controller. Experimental and modeling re-
sults will be presented for the case of a controller attempting to maintain a constant lift while
the airfoil is pitching.
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08.03.2016 09:30 Paul Dunst Schleinitzstrasse 23, Raum SN23.1
Transportation of dry fine powders by coordinated friction manipulation in a harmo-
niously vibrating pipe
Paul Dunst (Universität Paderborn), Peter Bornmann (Athena Technologieberatung GmbH),
Tobias Hemsel (Universität Paderborn), Walter Littmann (Athena Technologieberatung
GmbH), Walter Sextro (Universität Paderborn)
The transportation of dry fine powders is an emerging technologic task, as more and more
substances like fine metal powders find their technical application to improve solid freeform-
ing. Fine powders are primarily defined by the fact that adhesive and cohesive forces outweigh
the weight forces. This leads to mostly unwanted clumping (agglomeration) and adhesion to
surfaces. Therefore, the transport of fine powders with conventional means of transport (e. g.
pneumatic or vibratory conveyors) is impossible or associated with undesired side effects. A
rather new method for transporting these fine powders is based on ultrasonic vibrations, which
overcome the adhesive forces and thereby enhance easy transport of the small particles. One
very effective set-up consists of a pipe, which vibrates harmoniously in axial direction at low
frequency combined with a pulsed radial high frequency vibration. The high frequency vi-
bration accelerates the particles perpendicular to the surface of the pipe, which leads to lower
normal and thereby smaller friction force. While axially swinging forward, the radial vibra-
tion is switched off and thus the powder sticks to the wall of the pipe. During the backward
motion of the pipe, the radial vibration is switched on to put the powder into a sliding state.
Thus the net-displacement of powder particles per cycle is positive or negative, depending
on when the high frequency vibration is switched on or off. The amount of powder flow is
adjustable by vibration amplitudes, frequencies, and pulse rate, which makes the device ver-
satile for comparable high volume and fine dosing using one setup. Within this contribution
an analytical model is shown, that simulates the powder flow of the conveying surface. The
set-up consisting of a pipe, a solenoid actuator for axial vibration, a piezoelectric actuator for
the radial high frequency vibration and driving electronics is described. Finally, simulation
results are validated by experimental data for different driving parameters (frequencies and
amplitudes of low and high frequency vibrations, pipe material, kind of powder).
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08.03.2016 17:00 Jennifer Staudenmeyer Schleinitzstrasse 23, Raum SN23.1
Wall-cooling effect on linear stability of compressible streamwise corner-flow
Jennifer Staudenmeyer (Universität Stuttgart), Ulrich Rist (Universität Stuttgart)
The linear stability of compressible flow along a streamwise corner with wall-cooling is inves-
tigated. Due to interaction of the boundary layers of the opposing walls, the laminar boundary
layer is three-dimensional close to the intersection of the two perpendicular flat plates forming
the corner.
Self-similar base flows with varying constant wall temperatures have been obtained by solving
the parabolized Navier-Stokes equations with the asymptotic cross-flow velocity enforced at
the farfield boundaries [1]. The results are in good agreement with those of former stud-
ies [2, 3]. Wall-cooling up to 90 % of the adiabatic wall temperature and three different
Mach numbers representing incompressible (Ma = 0.1), subsonic (Ma = 0.95) and super-
sonic (Ma= 1.5) flow are considered.
As shown in [1, 4] the spectrum of the compressible corner flow with adiabatic wall condi-
tions consists of viscous Tollmien-Schlichtling modes and an inviscid even-symmetric corner
mode in the vicinity of the cornerline.The influence of decreasing constant wall temperature
on the corner mode and the viscous modes is shown by temporal local linear stability analysis.
The spatial behaviour is compared using N-factors N = ln(A/A0) computed from Gaster-
transformed modes. Also, the effect of wave obliqueness on the stability and perturbation
evolution is considered.
References
[1] O. T. Schmidt and U. Rist. Linear stability of compressible flow in a streamwise corner.
Journal of Fluid Mechanics. 688 (2011), 569–590.
[2] A. G. Mikhail and K. N. Ghia. Viscous compressible flow in the boundary region of an
axial corner. AIAA Journal. 16 (1978), 931–939.
[3] B. C. Weinberg and S. G. Rubin, Compressible corner flow. Journal of Fluid Mechanics.
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[4] S. J. Parker and S. Balachander, Viscous and inviscid instabilities of flow along a stream-
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08.03.2016 17:20 Malte Schümann Schleinitzstrasse 23, Raum SN23.1
Effects of the magnetization on the particle structure of magnetorheological elastomers
Malte Schümann (Technische Universität Dresden), Shilin Huang (Max Planck Institute for
Polymer Research), Günter K. Auernhammer (Max Planck Institute for Polymer Research),
Stefan Odenbach (Technische Universität Dresden)
Magnetorheological elastomers are a special kind of magnetic field-responsive smart materials
developed in the last years, where magnetic micro particles are embedded in a soft elastomer
matrix. The investigation of the interaction of the particles with the external magnetic fields
and the matrix is a subject of ongoing research. X-ray micro tomography proved to be a
convenient tool for analysis of the particle micro structure [1, 2]. In this work tomography data
was accompanied by laser scanning confocal microscope data to combine results of particle
structure and matrix deformation.
40 wt% of Magnequench MQA were used as magnetic NdFeB highly anisotropic particles
(d = 100 to 200 µm). Gelest silicone polymer components were used to produce a soft elas-
tomer matrix. Fluorescent silica particles were added to observe the matrix material by means
of LSCM. The mechanical properties of the samples were analysed with an universal testing
machine with and without an external magnetic field (B = 240 mT). Subsequently, the sam-
ple was tomographed and observed with LSCM with and without the field as well. After the
measurements the samples were magnetized (B = 2 T) and the measurements were repeated.
After magnetization the Young’s modulus of the sample increased from 15 to 27 kPa. A sig-
nificant effect of the external magnetic field on the elastic modulus was observed (magne-
torheological effect MRE = 61%± 5%). Before magnetisazion the particles are randomly
orientated and homogeneously distributed. The particles rearranged in chain structures due
to the permanent magnetization. This altered structure leads to the observed altered elastic
properties. Digital image processing and segmentation allows an evaluation of geometric data
of every single particle and enables to analyze the rotation of the particles. A particle-particle
assignment is in progress allowing to track the translation and rotation of every specific parti-
cle [3]. With the laser scanning confocal microscope both a 3D image of one typical particle
and a 3D image showing the tracer particles were captured in presence of magnetic fields up
to 100 mT. A magnetically induced rotation of the particle was observed as well as the de-
formation of the surrounding matrix. This powerful method enables a detailed evaluation of
the matrix deformation and the calculation of local elastic properties of the matrix materials.
Furthermore this data is highly appropriate for comparison with simulated data.
Financial support by DFG (Grant. No. OD18/21) within SPP1681 is gratefully acknowl-
edged.
[1] Borbáth T, Günther S, Borin D Y, Gundermann T, Odenbach S. (2012). Smart Mater.
Struct. 21(10), 105018
[2] Günther D, Borin D Y, Günther S, Odenbach S (2012). Smart Mater. Struct. 21(1), 015005
[3] Gundermann T, Odenbach S (2014) Smart Mater. Struct. 23(10), 1050
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08.03.2016 17:40 Christina Schenk Schleinitzstrasse 23, Raum SN23.1
Robust Optimization of Inlet Orientation and Outlet Position of Biogas Plants
Jonas Müller (Geisenheim University), Christina Schenk (Trier University), Volker Schulz
(Trier University), Kai Velten (Geisenheim University)
With the passing of time, resources will run short and the usage of alternative energies in-
creases steadily. In this context, the production of biogas plays a crucial role as a renewable
energy source. In order to increase the output of biogas from the production process, it is of
significant relevance to ensure homogenization of the substrate mixture. That is why we study
simulation and robust optimization of a biogas plant with focus on the orientation of the tank
inlet and the position of the tank outlet. Thereby different substances are studied, i.e. different
percentages of dry substance are taken into account. The simulation of the fluid flow of the
substance is performed in the framework of OpenFOAM. In this regard, the performance of
gradient-based as well as gradient-free optimization methods is studied.
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08.03.2016 18:00 Thomas Boeck Schleinitzstrasse 23, Raum SN23.1
Simulation and analysis of turbulent MHD channel flow with a streamwise magnetic
field
Thomas Boeck (TU Ilmenau), Dmitry Krasnov (TU Ilmenau)
We perform large-eddy simulations of turbulent MHD channel flow with a streamwise mag-
netic field using a pseudo spectral method. The streamwise magnetic field leads to turbulent
drag reduction due to the selective Joule damping of certain flow structures. Near the walls,
the turbulent mean velocity profile retains the logarithmic layer but the von Karman constant
decreases with increasing magnetic field strength. In the outer region, the flow is character-
ized by persistent streaky structures of large streamwise extent, which lead to a rather flat
mean velocity profile. In addition, the streamwise velocity fluctuations develop a pronounced
second peak upon increasing the magnetic induction as well as a second logarithmic layer that
increases in steepness. We find that Prandtl‘s classical mixing-length model with a variable
Karman constant can describe the modified logarithmic layer reasonably accurately in a wide
range of Reynolds and Hartmann numbers. However, the flow modification near the center of
the channel is not properly captured by this approach.
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08.03.2016 18:20 Peter S. B. Szabo Schleinitzstrasse 23, Raum SN23.1
Enhanced and Suppressed Natural Convection UsingMagnetic Fluid in a Square Cavity
Peter S. B. Szabo (Heriot-Watt University, Riccarton, Edinburgh, EH14 4AS, UK), Wolf-
Gerrit Früh (Heriot-Watt University, Riccarton, Edinburgh, EH14 4AS, UK)
Magnetic fluids are industrial manufactured colloidal suspensions of ferromagnetic nanoparti-
cles coated with a surfactant with an equivalent diameter of about 10 nm. The coating, whose
dielectric property matches with the non-conducting carrier fluid - be that water or an oil,
prevents particles from coagulation and agglomeration. The acting Brownian motion keeps
particles dispersed and maintains fluidity under external applied forces such as gravitational
acceleration or magnetic fields [1]. Today magnetic fluids are used in a range of important
industrial applications such as in anti-vibration devices or seals, in measurement technology,
in medical technology for cancer treatment or targeted drug delivery in the body and in heat
transfer applications using the process known as thermomagnetic convection [2].
Thermomagnetic convection is based on a magnetisation gradient in a magnetic fluid which
is imposed by a temperature gradient in presence of a magnetic field. The phenomenon can
be described by using an external magnetic field to magnetise the fluid that experience a force
towards its origin. A key feature is that hotter fluid is less magnetised than cooler fluid. Thus,
cooler fluid is more attracted towards higher magnetic field regions than hotter fluid. In other
words, the fluid with the magnetisationM exerts a body force of the form of µ0M ·∇H towards
the magnet known as the Kelvin body force. This creates convection related to temperature
difference and magnetisation of the magnetic fluid [1]. The potential of thermomagnetic con-
vection may be used in engineering applications or low-gravity environments for an active
control of heat transfer which can reduce or enhance convection.
A parametric study was carried out to investigate the influence of magnetic fields on natural
convection in a square cavity filled with a magnetic fluid. A permanent magnet with a rema-
nent flux density of 1.3 Tesla was placed above the cavity. This resulted in a force balance
where the Kelvin body force was stronger than buoyancy within a certain distance from the
magnet but weaker beyond. A convective flow influenced by a varying degree of natural and
thermomagnetic convection in which the flow behaviour switched between gravity-dominated
natural convection to a magnetically dominated flow. Depending on the distance of the magnet
to the fluid, the relative strength of the Kelvin force to buoyancy would change with the result
that the magnetically dominated flow could occupy none, part, or all of the fluid. Using this,
one can therefore enhance or suppress natural convection by suitable placement of a magnet
relative to the heat source and gravity. To develop a systematic characterisation of the inter-
action between buoyancy and magnetic forcing and their effect on the heat transfer, the heat
transfer was characterized by the Nusselt number, buoyancy by the standard Rayleigh number
and the magnetic convection by a magnetic Rayleigh number. The correlation of the Nusselt
number against the two forms of the Rayleigh number, as well as a suitably constructed ’ef-
fective’ Rayleigh number, showed that magnetic suppression or enhancement of heat transfer
can be explained as a combination of, or competition between, the two forcing processes.
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08.03.2016 09:10 Jochen Kriegseis Schleinitzstrasse 23, Raum SN23.1
In-flight flow control with dielectric barrier discharges – A requirement profile of the
controller
Jochen Kriegseis (Karlsruhe Institute of Technology), Bernhard Simon (Technische Univer-
sität Darmstadt), Sven Grundmann (University of Rostock)
Most of today’s research effort addressing active flow control by means of dielectric barrier
discharges (DBDs) show a rather one-sided picture of the DBD-based flow control. Either the
discharge properties are discussed as recently reviewed by Bernard and Moreau [1], or the flow
control achievements are reported more or less isolated from the discharge characteristics as
summarized by Wang et al. [2], for instance. Unfortunately, the former group of contributions
does only pay limited attention to implications and consequences of most of the characteris-
tics with respect to the subsequent control steps to be taken for successful DBD-based flow
control - the latter group of contributions, in contrast, mostly ignores the changing discharge
properties, thus varying control authority for the respective applications when changes of the
environment, the actuator health state or simply a varied angle-of-attack are to be considered.
In addition, Kriegseis et al. [3] recently demonstrated that there still remains a fair bit of un-
certainty regarding a universal evaluation metric of this novel control device, such that some
of the most promising quantities and corresponding characteristics for successful controller
operation remain largely untouched from the community.
The purpose of the present work is to outline the requirement profile of plasma actuators in one
coherent story starting from electrical issues all the way down the road to in-flight flow control
success. Particular emphasis is placed on the interplay of the involved subtopics "discharge
characterization, actuators performance, control circuits and flow control", which are to be
discussed simultaneously to perform successful DBD-based in-flight control. It is hypothe-
sized that such a clear guideline is the only way to advance beyond the present level of lab
studies, where there still is a lack of real flight applications. Almost without exception, today’s
publications on DBD-based flow-control investigations report from lab studies, which at most
mimic in-flight applications. The few publications containing successful counter-examples to
this lack of real flight applications further support this hypothesis, where full advantage of the
above guideline has been taken (see Duchmann et al. [4]).
References
[1] Benard, N., and Moreau, E. (2014) Exp. Fluids, 55(11), 1846.
[2] Wang, J.-J., Choi, K.-S., Feng, L.-H., Jukes, T. N., and Whalley, R. D. (2013) Prog.
Aerosp. Sci., 62, pp. 52–78.
[3] Kriegseis, J., Duchmann, A., Tropea, C., and Grundmann, S. (2013) J. Appl. Phys., 114,
053301.
[4] Duchmann, A., Simon, B., Tropea, C., and Grundmann, S. (2014) AIAA J., 52(2), 358–
367.
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09.03.2016 08:30 Davide Gatti Schleinitzstrasse 23, Raum SN23.1
Turbulent skin-friction drag reduction in the constant power input framework
Davide Gatti (Karlstuhe Institute of Technology), Bettina Frohnapfel (Karlstuhe Institute of
Technology), Andrea Cimarelli (Università degli studi di Modena e Reggio Emilia), Maurizio
Quadrio (Politecnico di Milano), Yosuke Hasegawa (University of Tokyo)
Direct Numerical Simulation (DNS) of turbulent flows in channels is the standard tool to
study effects and physics of flow control strategies for turbulent drag reduction, thanks to the
wealth of information it delivers. In setting up such simulations, an important choice needs
to be taken, regarding how the flow is driven through the channel. Two classic possibilities
are to drive the flow at Constant Flow Rate (CFR) or at Constant Pressure Gradient (CPG).
While the different choices yield identical turbulent statistics for canonical flows [1], they have
significant implications on statistics of drag-reduced turbulent flows. For instance, at CFR
drag reduction masifests as a reduction of friction but as an increase of bulk velocity at CPG.
In neither cases, the power transferred to the flow stays constant upon application of drag-
reducing control and nor does the rate of production and dissipation of turbulent kinetic energy.
Therefore, it is not possible to address the physics of drag reduction techniques from the
energetic standpoint, because the uncontrolled and drag-reduced flows energetically differ.
In this work, we exploit the recently-proposed Contant total Power Input (CtPI) approach [2],
in which the power transferred to the flow through pumping and imposition of a control is kept
constant, to address how drag-reduction obtained via several wall-based strategies modifies
energetic properties of turbulent channel flows. First, the effect of the control on the integral
production and dissipation of mean and turbulent kinetic energy are computed and shown.
Then, starting from the generalized form of the Kolmogorov equation [3], the energy fluxes
simultaneously occurring in the space of scales and in the physical space of wall-turbulent
flows are studied to highlight differences among controlled and unmodified flows.
The action of the control is limited in a near-wall portion which lies below the region of
maximum positive balance between turbulent energy production and dissipation. In particular,
the effect of the wall actuation appears as a modification of the flux towards the wall of the
energy emerging from the peak of energy source, and, hence of the near-wall dissipation.
References
[1] M.Quadrio, B.Frohnapfel, Y.Hasegawa, Does the choice of the forcing term affect flow
statistics in DNS of turbulent channel flow?, J. Fluid Mech., 770, 2015.
[2] Y.Hasegawa, M.Quadrio, B.Frohnapfel, Numerical simulation of turbulent duct flows with
constant power input., J. Fluid Mech., 750, 2015.
[3] A.Cimarelli, E.De Angelis, C.Casciola, Paths of energy in turbulent channel flows., J.
Fluid Mech., 715, 2013.
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09.03.2016 09:10 Pascal Meysonnat Schleinitzstrasse 23, Raum SN23.1
Drag reduction via spanwise transversal traveling waves of smooth and structured sur-
faces
Pascal Meysonnat (RWTH Aachen University), Wolfgang Schröder (RWTH Aachen Univer-
sity)
The drag and therefore, the energy-consumption, of slender bodies moving in a fluid, i.e., air-
craft, is mainly determined by the fluid dynamical drag. Since the major component of the
fluid dynamical drag, that is about 50%, can be attributed to the viscous shear stress distribu-
tion, research on methods to influence the skin-friction are put into recent research focus to
reduce the overall energy consumption of technical systems. Generally, those methods are di-
vided into whether external energy is introduced into the system or not. Hence, one speaks of
passive and active methods to influence the drag, respectively. Passive methods, such as tiny
grooves aligned in stream-wise flow direction, so called riblets, were extensively investigated
by Bechert et al.[1]. About 10% drag reduction was found for optimized riblet geometries.The
introduction of spanwise motion into the near-wall flow field of a turbulent boundary layer by
active means to reduce the shear-stress distribution can be achieved in a great variety of ways.
A general overview of different actuation methods is given in Quadrio et al.[2]. Especially,
two different methods of actuation, i.e. spanwise in-plane surface oscillations and transversal
traveling waves are considered in literature. In the present study the focus lies on transver-
sal traveling surface waves in external flows. The investigation of two distinct wave setups
with different wave parameter, i.e., wave length, period, and amplitude, by Klumpp et al.[3]
yielded a different drag behavior. Whereas the long-wave setup (λ+ = 870) reduced the drag
significantly, the short wave-length setup (λ+ = 174) showed a drag increase. By comparing
both setups which were excited by the same mechanism, Klumpp et al. were able to show
that the reduction of wall-normal vorticity is a key-indicator for drag reduction. More re-
cently, the effect of changing amplitude in the range A+ = 30−70 in inner units at increasing
Reynolds number (1000≤ Re≤ 7000) on the drag reduction of a transversal traveling surface
wave with a wave length of λ+ = 500 in inner coordinates was investigated by Koh et al.[4].
It was shown, that increasing the amplitude can compensate the weakening of the drag re-
duction observed at increasing Reynolds number. Furthermore, the reduction in wall-normal
vorticity was also observed confirming the hypothesis of Klumpp et al. In the present study
two set-ups of traveling wall oscillations in a turbulent boundary layer at a Reynolds number
Reθ = 1000 are investigated via LES and compared to each other. Both setups have the same
computational extent and wave parameter, that is a wave length of λ+ = 1000, an amplitude
of A+ = 10, and a period T+ = 20 based on inner coordinates. The major difference is the
wave surface, which in the first case is smooth. In the second case a combination of both,
passive and active means, is investigated by structuring the surface of the wave with riblets.
The reference cases consist of a non-actuated turbulent flat plate with a smooth and structured
surface. The riblets used in the current investigation have an optimal spacing (s+ = 15) to
achieve a maximum drag reduction. The effect of combining both active and passive methods
will be discussed in more details at the conference by comparing the two actuated setups to
each-other and their corresponding reference case.
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09.03.2016 14:30 Lionel Mathelin Schleinitzstrasse 23, Raum SN23.1
A statistical learning framework for closed-loop control of turbulent flows
Charles Pivot (Institut PPrime), Lionel Mathelin (LIMSI - CNRS), Laurent Cordier (Institut
PPrime), Bernd R. Noack (Institut PPrime)
Despite decades of intensive research in closed-loop flow control, model-based strategies are
far from being employed in any experimental turbulent configuration. Although highly attrac-
tive, model-based control suffers from severe limitations such as the high-dimensionality of
the phase space for the Navier-Stokes equations and the lack of appropriate control strategy for
nonlinear dynamical systems. Closed-loop control is even more challenging since we are faced
with the real-time constraint and the estimation issues inherent to feedback. Rather than strug-
gling with the dynamical modelling of a complex system and estimating its high-dimensional
state, our philosophy is to efficiently exploit low-dimensional quantities amenable to obser-
vation in practical configurations to automatically learn how to modify the system toward a
given objective with an efficient and robust (closed-loop) control strategy.
In this talk, a purely data-driven approach is proposed, with the sole information about the
system given by a few sensors to be as realistic as possible. Our approach exploits recent
statistical learning methods part of the Machine Learning bundle to make the control deci-
sion. No model is used to describe the dynamics of the physical system at hand. Instead,
an approximated dynamic programming approach is followed, which derives the best, in the
ensemble-average sense, control policy to minimize the cost function. Specifically, a rein-
forcement learning technique is adopted and allows learning the discounted future cost of
a given combination of the state of the system and the currently applied control. With this
knowledge, the optimal control command is deduced at any given time.
The retained method is robust with respect to noise in the measurements, and enjoys short
learning phases. It only relies on measurements of the performance variables and prescribes
the control command to be applied to the system. It will be demonstrated on the drag mini-
mization of a simulated two-dimensional laminar flow around a circular cylinder and the mit-
igation of the dominant mixing layer frequency of a turbulent three-dimensional open-cavity
flow experiment.
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09.03.2016 15:10 Anne Gerdes Schleinitzstrasse 23, Raum SN23.1
Enhancement of adjoint topology optimization by approximated L1-regularization for
promotion of sparse distributed control
Anne Gerdes (Universität Hamburg), Thomas Rung (Technische Universität Hamburg),
Michael Hinze (Universität Hamburg)
Adjoint topology optimization is applied to modify the porosity in the computational domain
of a fluid flow simulation.Cells with positive impact on the cost functionremain fluid, whereas
cells with negative impact turn to solid through an iterative process for an apparent porosity,
modeled by a Darcy term.The design space consists of the whole computational domain. Con-
currently, the computational cost is independent of the number of degrees of freedom, due to
the adjoint approach. Hence, the design freedom is maximum at relatively low computational
costs, which plays an important role for expensive flow simulations, e.g. for turbulent flow,
modeled by the Reynolds-averaged Navier-Stokes equations.
In many cases, a sparse distribution of the control is preferred. Grey areas, i.e. areas with
intermediate porosity values, which are neither solid nor fluid, are not feasible.Furthermore,
the extent of solid areas is frequently related to the expenses associated with the production of
solid material.Therefore, an important question is where to put the control in order to get the
maximum cost function reduction.
The insertion of an L1-penalty term in the cost functional is a remedy to promote sparse con-
trol distributions. Problematically, the L1-norm is not differentiable. Hence, the computation
of the gradient is impossible.
In the present contribution, the L1-regularization term is approximated by differentiable Huber
functions. Its use in the cost functional leads to a modified gradient, which penalizes interme-
diate porosity values and thus promotes a sparse distributed control.The approach is validated
by generic fluid-dynamic test cases.At the end of the talk, results of the application to a cabin
air outlet of an aircraft are presented.
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09.03.2016 16:00 Istvan Bolgar Schleinitzstrasse 23, Raum SN23.1
Combined experimental/numerical investigations on the stabilizing effect of streamwise
vortices on the wake of a transonic backward-facing step flow
Istvan Bolgar (Bundeswehr University Munich), Sven Scharnowski (Bundeswehr University
Munich), Vladimir Statnikov (RWTH Aachen University), Wolfgang Schröder (RWTH Aachen
University), Christian Kähler (Bundeswehr University Munich)
When a flow moves past a backward-facing step (BFS), a separation region exists downstream
of the step. This separation region is unsteady and fluctuates strongly in its shape and size
over time [1], thereby creating dynamic loads on the reattachment surface. This is an inherent
problem on some of today’s cryogenic space launchers, where the main engine’s nozzle suffers
from high buffeting loads during the transonic phase of the ascent due to a turbulent reattach-
ing shear layer [2], especially originating from a geometric discontinuity, similar to a BFS. For
this reason the aim of the current research focuses on stabilizing the shear layer by introduc-
ing large-scale streamwise vorticity into the separated flow region at transonic speeds. This is
achieved by means of passive flow control devices having comparable shapes to mixers used in
gas turbines [3], located at the trailing edge of the BFS. Several streamwise vortex generators
were examined in the Trisonic Wind Tunnel Munich (TWM), at the Bundeswehr University,
with particle image velocimetry (PIV). The experimental results of the generic BFS and the
most promising configuration were accompanied by large-eddy simulations (LES) carried out
at the Institute of Aerodynamics of RWTH Aachen University, which complement the broad
amount of statistical PIV data with spatially and temporally highly resolved results. The inves-
tigations were conducted on a planar model at Mach 0.8 and a Reynolds number of 1.8×105
with respect to the step height.
For the generic BFS, it has previously been shown that the entire reverse flow region fluctu-
ates with several modes [4]. Furthermore, it was found that these fluctuations are caused by
well-organized large-scale coherent structures with a characteristic periodicity into the span-
wise direction, that appear in the wake of the BFS [5]. By passively introducing streamwise
vorticity into the flow with a given periodicity, it was demonstrated that the reverse flow region
can be shortened by 75 %, while stabilizing the naturally developing coherent structures in the
shear layer [6].
The conference contribution will discuss how the shape, periodicity and size of the streamwise
vortex generators affects the strength and the stabilizing effect of the vortices they create. In
order to answer this question, planar and stereoscopic PIV measurements are carried out, with
the aim to statistically quantify the vortex strength and coherence in the wake flow of the step.
The results show a strong dependence of the streamwise vortices’ size with the periodicity and
size of the passive flow control devices. To resolve the dynamic modes and temporal behavior
of the streamwise vortices, zonal RANS/LES computations and a dynamic mode decomposi-
tion (DMD) are performed. The highly resolved 3D LES results allow for the detailed analysis
of the vortex formation process.
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09.03.2016 16:40 Lutz Schwerdt Schleinitzstrasse 23, Raum SN23.1
Active Flow Control Implemented in a Multi-Stage High-Speed Axial Compressor
Lutz Schwerdt (Leibniz Universität Hannover), Jan Siemann (Leibniz Universität Hannover),
Joerg R. Seume (Leibniz Universität Hannover)
The decrease of fuel consumption is a main objective in the development of modern aircraft
engines and heavy-duty gas turbines. The engines and gas turbines consist of three main
parts: the compressor, the combustion chamber, and the turbine. Especially at off-design
conditions, one promising approach to suppress flow losses and to increase the efficiency of
the compressor is Active Flow Control (AFC) by aspiration or injection of fluid. In addition
to the efficiency, the engine reliability must not be neglected. From an aerodynamic point of
view, the compressor flow of a gas turbine responds more sensitively to volatile flow conditions
than a turbine because of a positive pressure gradient. Particularly at off-design operating
conditions, the flow tends to separate from the blade surface. This flow separation causes
unstable operating conditions inside the flow path resulting in low overall engine efficiency.
In the future, one possible scenario could be that airplanes will not be propelled by today’s
large turbo fans positioned under the wings, but will be propelled by the thrust of various
propulsors which are distributed at aerodynamic optimum positions over the whole airplane.
These propulsors will be operated electrically, for which a generator supplies the electric
power driven by a single central gas turbine inside the airplane, preferably in the airplane
tail. Regarding different flight phases including start, cruise, and landing, this power turbine
has to adapt flexibly to different power requirements of the propulsors over a wide operating
range. The highly-loaded axial compressor sets the operating limits of a compact weight-
reduced gas turbine because of its natural tendency towards instability. Thus it appears that
counter-measures should focus on the compressor. One approach used to adjust the flow to
the propulsors’ maneuver transient conditions is AFC by aspiration or injection which can
stabilize the compressor flow and enhance the operating range.
Investigations on AFC by aspiration or injection in multi-stage compressors have been per-
formed i.e. by Kirtley et al. [1], Hecklau et al. [2], Zander et al. [3], Gmelin et al. [4],
Kerrebrock et al. [5]. This paper presents the experimental investigation at the Institute of
Turbomachinery and Fluid Dynamics carried out by Vorreiter et al. [6], Guendogdu et al. [7],
who examined AFC by injection and Siemann et al. [8], who examined AFC by aspiration.
The presented AFC’s were implemented in the first stage of a four stage high speed axial
compressor. In future applications, all stages could be equipped with AFC to adjust the flow
within each single stage.
An automatization of AFC control requires a complex control circuit. The complexity arises
from the various flow parameters, e. g. pressure, temperature, and humidity, which influence
the compressor flow. To realize a highly dynamical and efficient adjustment of the AFC, an
appropriate control strategy, optimized by mathematical models, such as artificial neuronal
networks (ANN) is needed.
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09.03.2016 17:00 Armin Kurz Schleinitzstrasse 23, Raum SN23.1
In-Flight Application of Dielectric Barrier Discharge Plasma Actuators for ActiveWave
Control
Armin Kurz (Universität Rostock), Sven Grundmann (Universität Rostock)
In the presented study the active control of Tollmien-Schlichting wave dominated transition
on an airfoil is demonstrated. Dielectric barrier discharge (DBD) plasma actuators are used
as controlling devices. The motivation of the project is to increase the applicable Reynolds
number range, as well as to increase the efficiency of the method using this kind of actua-
tors. For this purpose, a wing glove setup has been adopted, which is used in the low-speed
wind tunnel facilities of the Technische Universität Darmstadt, as well as on a GROB G109b
motorized glider owned and operated by the same institution. The wing glove allows for the
interchangeable installation of necessary actuators, sensors and data acquisition equipment
without compromising the integrity of the aircraft’s wing.
Three possibilities to delay transition within a laminar boundary layer are compared. First
of all, the plasma actuator can be operated in a continuous fashion, which adds a quasi-steady
momentum to the lower boundary layer improving its stability and thus damping boundary
layer disturbances in the vicinity of the actuator. A broadband attenuation of unstable fre-
quencies is possible in this case. Secondly, the plasma actuator can be used to generate a
modulated body force in order to directly cancel boundary layer disturbances by linear su-
perposition with a counter-acting fluctuation. This method is known as active wave control
(AWC) and is not based on the modification of the boundary layers stability features. Up-
stream information of the incoming flow and an efficient closed-loop control is necessary to
adjust frequency, amplitude and phase at the actuator in this case. Additionally, the plasma ac-
tuator allows for the combination of the previously explained two methods in a hybrid mode of
operation. By combining the positive effects of boundary layer stabilization and active wave
control in a single actuator, increased disturbance damping and transition delay rates can be
achieved. Despite the improved performance, the energy requirements of the hybrid mode of
operation are almost unchanged as compared to pure boundary layer stabilization. The appli-
cation of two consecutive actuators to investigate the possibility of a prolonged reduction of
boundary layer disturbances is demonstrated under wind tunnel conditions as well.
The wind tunnel experiments have been accompanied by an in-flight measurement campaign.
The G109b is a self-launch capable motorized glider in side-by-side configuration, which has
been modified in order to allow for such aerodynamic experiments. The methods developed
in the wind tunnel have also been successfully demonstrated under atmospheric conditions at
flight-relevant Reynolds numbers.
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09.03.2016 17:20 Oliver Sommer Schleinitzstrasse 23, Raum SN23.1
Experimental investigation of flexible high-water protection system in a down-scale wa-
ter channel flow
Klaus-Peter Schade (), Oliver Sommer (TU Chemnitz), Günter Wozniak (TU Chemnitz)
As a part of an interdisciplinary major project regarding the development of a flexible and
efficiently installable high-water protective system we investigated in our study the behaviour
of different system parts of flexible channel walls (thin, plastic slides/membranes) and types
self-installing water barricades subjected to different water channel flows, experimentally and
numerically. In the experiments we researched the strain of different flexible channel walls
and the efficiency of various water barricades in a down-scale model by optical deformation,
flow velocity and time measurements, respectively. We changed the water height as well as the
representative flow velocity of the water channel flow and we also examined the influence of
water waves onto these high-water protective system parts. Selected results will be shown and
described concerning the stress on the used model-slides. In addition we applied similarity
theory not only for general data presentation but also for concluding findings regarding a
future practical implementation in technical applications.
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09.03.2016 17:40 Mahtab Makaremi Masouleh Schleinitzstrasse 23, Raum SN23.1
Numerical investigation of flexible flood protection system in an open channel flow
Mahtab Makaremi Masouleh (TU Chemnitz), Günter Wozniak (TU Chemnitz)
With the increasing concern over massive damage ensuing from flood, the application of flood
protection systems has aroused growing interest. As a part of an interdisciplinary major project
regarding the development of a temporary installable textile protective system against flood,
in our investigation we study the behavior of thin flexible membrane in interaction with fluid
domain numerically and experimentally. The numerical research was carried out through three
methods using commercial CFD based software of Star CCM+ as well as FEM based Packet of
Abaqus. A key challenge facing us is the lack of proper damping model in both soft wares. The
implement of Rayleigh damping model and viscous pressure model available in Abaqus has
addressed problem with oscillation of membrane. We have examined the influence of change
in water height and water velocity on thin flexible membrane. A comparable physical valida-
tion with respect to experimental model has been achieved through numerical analysis. The
solid stress and displacement of the membrane resulting from static and dynamic fluid flow
will be compared concerning the different applied methods will be presented graphically.
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10.03.2016 08:30 Julia Linke Schleinitzstrasse 23, Raum SN23.1
Anisotropy of the magnetoviscous effect in magnetically controllable fluids
Julia Linke (TU Dresden), Stefan Odenbach (TU Dresden)
Magnetic fluids are suspensions of magnetic nano- or microparticles in a carrier liquid. The
magnetisation of the particles in these fluids can be controlled by an external magnetic field.
If the particles interact by dipole-dipole interaction they build microscopic networks in the
fluids, which lead to intriguing fluid dynamics properties - for example an increase in the dy-
namic viscosity referred to as magnetoviscous effect (MVE). This effect does not only depend
on the microscopic make-up of the fluid, the flow conditions and the intensity of the applied
magnetic field but also on the orientation of the magnetic field with respect to the direction of
the flow.
The Miesowicz viscosity coefficients for different orientations of the magnetic field, and there-
fore the anisotropy of the MVE, can only be measured with special measuring techniques such
as flat channel or slit die viscometers. For Newtonian fluids it has been shown that the effect
of the side walls in these viscometers with rectangular cross-section becomes negligible for
aspect ratios larger than 10:1 [1]. However, for non-Newtonian fluids, e.g. shear thinning
polymer melts or even more complex fluids like ferrofluids with chainlike microstructures that
can be manipulated by an external force, the influence of the dimensioning of the flow chan-
nel on the viscosity measurements is still unknown. In agreement with theoretical predictions
[2], the weakest MVE in ferrofluids has been observed in a rectangular flow channel if the
magnetic field is applied parallel to the vorticity of the flow, at high shear rates and weak field
intensities [3], i.e. for short microstructures and individual particles. If the shear rate is de-
creased and the field intensity increased, i.e. for elongated microstructures, the MVE in a field
parallel to the vorticity rises beyond the MVE in a field parallel to the flow, contrary to theoret-
ical predictions. This effect is even more distinct in magnetic fluids with strong interparticle
interaction [4] which form extended microstructures. Longer microstructures oriented parallel
to the vorticity can be veered more easily from their neutral orientation by viscous friction at
the side walls of the viscometer compared to structures oriented parallel to the flow. Thus,
the magnetic particles in ferrofluids act as indicators for deviations from the ideal flow profile,
which we have characterized experimentally for varying channel dimensions and interparticle
interaction parameters in comparison to FE-simulations in order to develop standards for the
viscometry of magnetic fluids.
We kindly thank the Deutsche Forschungsgemeinschaft for their support by grant Od18-18.
[1] C. W. Macosko, Rheology, Principles Measurements and Applications (1993) Wiley.
[2] M. I. Shliomis in Ferrofluids: Magnetically Controllable Fluids and Their Applications,
Vol. 594, p. 85-111, ed. S. Odenbach (2002) Springer.
[3] J. M. Linke, S. Odenbach, Anisotropy of the magnetoviscous effect in a ferrofluid with
weakly interacting magnetite nanoparticles, J. Phys.: Condens. Matt. 27 (2015) 176001.
[4] J. M. Linke, S. Odenbach, Anisotropy of the magnetoviscous effect in a cobalt ferrofluid
with strong interparticle interaction, J. Magn. Magn. Mat. 396 (2015) 85.
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10.03.2016 09:10 Pavel Procházka Schleinitzstrasse 23, Raum SN23.1
On the flow around Glauert-Goldschmied body in the narrow channel and separation
point control strategy
Pavel Procházka (Institute of Thermomechanics, ASCR), Václav Uruba ()
Previously, there was tested a wire dielectric barrier discharge (DBD) plasma actuator to gen-
erate sufficiently strong ionic wind to affect freely developed boundary layer in the narrow
channel. This paper will report about next step – to installation of actuator inside a stream-
lined body - GG. The experiment will take place inside perspex rectangular (250 x 100 mm)
channel and main task is to find the appropriate place for actuator fitting for three different
flow regimes. Hence, the separation point and recirculation zone will be investigated via
PIV anemometry for base case and for passive flow control methods (e.g. VGs) as well as
frequency spectrum of the flow will be evaluated to describe the nature of the flow. The mea-
surement plane will be perpendicular to the bottom of the channel and in longitudinal level.
These essential information will be used for actuator design, actuator embedding and to tune
actuator frequency in order to suppress the recirculation area as much as possible.
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10.03.2016 13:30 Rolf Radespiel Schleinitzstrasse 23, Raum SN23.1
Fundamentals of Future High Lift for Transport Aircraft - Coordinated Research Cen-
tre 880
Rolf Radespiel (TU Braunschweig)
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10.03.2016 14:10 Daniela Gisele Francois Schleinitzstrasse 23, Raum SN23.1
Coanda Flap Flow Control with Dynamic Lip Actuation
Daniela Gisele Francois (Institut für Strömungsmechanik - TU braunschweig), Rolf Rade-
spiel ()
Based on the drastic increase of globalization with high demand on people and goods fast dis-
placement, the climate change problems and the growth of resources scarcity, new technolog-
ical approaches for the aeronautical industry can only be competitive and sustainable if they
tackle jointly the issues of environment protection, drastic energy saving, improving flight
safety, expanding flight connections, and reducing traveling times [1] [2]. It is known, that
high lift systems have a major impact on the aircraft operating cost (maintenance), the use of
natural resources, and the aircraft emissions. Therefore, this work commits to the development
of a high-lift technology, focused on high aerodynamic efficiency at low power consumption.
The gaps of standard slats and high-lift flaps are the main source of airframe noise generation.
Hence, an optimized gap free wind configuration was adopted for this research. This wing
configuration is conformed by a flexible droop nose, a blowing slot, and a Coanda surface
with a deflected simple-hinged flap [3]. The currently used high lift systems are arranged for
a predefined wing design with optimum cruise efficiency, giving very little room to adapt their
performance to different wing configurations or flight conditions [1]. However, flexibility on
high lift production could also be attained by applying active high lift systems. Our working
hypothesis is that active high-lift systems with high levels of aerodynamic efficiency will:
• provide higher flexibility to the generation of high lift, allowing for aircraft upgrades
and optimum efficiency at different flight conditions.
• reduce significantly airframe noise emissions.
• provide short take-off and landing (STOL) capabilities, and therefore, a more efficient
use of the ground facilities and the possibility of expanding flight connections through
the integration of regional airports.
Active high-lift control is the only alternative to drastically increase the performance and flex-
ibility of the conventional high lift systems. Nevertheless, It may also convey to substantial
increase of power consumption, making the active lift approach uncompetitive [1]. Hence, this
work pursues increasing the aerodynamic efficiency at low power consumption (cµ = 0.02).
Active flow control through longitudinal vortices generated by vortex generator jets has been
proven to delay stall, and even increase their efficiency when they are applied dynamically.
So this work aims at further improving the efficiency of the optimized Coanda-flap high lift
configuration by generating dynamic three dimensional longitudinal vortex structures. Here,
the dynamical longitudinal vortices are created not by local jets but by a periodic differential
deflection of the blowing slot lip across the adjacent sections in the spanwise direction. This
is produced by a periodic deformation of the lip over the jet slot while splitting the spanwise
direction in steps with different actuation phases. As the performance of the dynamic actua-
tion highly depends on its geometrical and operational features, a systematic analysis of the
influence of the actuation amplitude, frequency and phase shift between adjacent lip section
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10.03.2016 14:30 Yosef El Sayed M. Schleinitzstrasse 23, Raum SN23.1
Wake characterization behind a circulation control wing
Yosef El Sayed M. (TU Braunschweig), Rolf Radespiel (TU Braunschweig), Richard Semaan
(TU Braunschweig)
High-lift systems with active circulation control using internally blown flaps (Coanda flap) can
greatly enhance the lift, and the landing and takeoff performance of aircraft. The current study
investigates the effect of actuation on the aerodynamic performance and on the wake dynamics
of a circulation controlled wing. Insights into the flow physics can be gained and a quantifi-
cation of the flow response to actuation can be achieved through a detailed characterization
of the wake dynamics. These objectives were pursued using experimental measurements in
the wake of a 2D airfoil model with a highly deflected Coanda flap and drooped nose. The
experiment was conducted in the water tunnel facility in Braunschweig (Großer Wasserkanal
Braunschweig GWB), which allows for high Reynolds numbers (up to 2.5 Million for an air-
foil chord of 0.3 m) with significantly larger time scales than wind tunnels. Hence, using time
resolved Particle Image Velocimetry (PIV), a significant portion of the wake dynamics can be
captured. The PIV measurements of the flow around the flap were performed over a range
of blowing intensity, quantified by the momentum coefficient (Cµ ); from an unactuated and
completely separated case (Cµ = 0) up to Cµ = 0.06, where the flow became fully attached
over the flap. The first indication of the effect of actuation on the wake dynamics can be
observed in the mean vorticity distributions, where the vorticity gradually weakens with in-
creasing momentum coefficient. Proper Orthogonal decomposition (POD) was used to detect
the dominant coherent structures in the wake and the turbulent kinetic energy distribution,
which were observed to change with increasing momentum coefficient. Focusing on the large
energy-containing structures, the flow snapshots were reconstructed using only 60 percent of
the total turbulent kinetic energy. The Q-criterion was then used for feature detection in the
reconstructed flow field and for vortex tracking over 15 convective cycles, to enable a closer
inspection of shedding phenomena and of the vortex interaction. Extracting the velocity dis-
tribution across the detected vortices, the change in size and strength of each vortex over a
range of forcing conditions could be inferred. These results will be used for better design of
active flow control with unsteady actuation.
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10.03.2016 14:50 Ian Krukow Schleinitzstrasse 23, Raum SN23.1
Flutter of aerofoils with Coanda flap
Ian Krukow (TU Braunschweig), Nora Neuert (TU Braunschweig), Dieter Dinkler (TU
Braunschweig)
The continuously rising volume of air traffic demands for a correspondingly rising capacity
of airports. One possible scenario is the extended use of small, existing airports for point-to-
point connections provided that a type of aircraft with short take-off and landing capabilities
(STOL) is employed. This can be achieved by active high-lift systems utilising the Coanda˘
effect.
In this work, a Coanda˘ flap is applied combining a conventional flap with a thin jet of air
blown out over its upper surface. Thus, flap deflection angles of more than 80◦ are possible
without flow separation. A flexible droopnose is applied to avoid flow separation at the leading
edge.
In the past, experimental and numerical research has been done on the aerodynamic potential
of active high-lift systems, while little is known about the aeroelastic behaviour of such an
aerofoil, especially when dynamic effects are taken into account. A single degree of free-
dom flutter phenomenon due to active blowing is already known, which shows heave flutter
independent of the approach velocity. Thus, it may occur at very low speed, e.g. in landing
approach, where the Coanda˘ system is supposed to be active.
Further research has revealed an exciting effect on the pitching motion due to the interaction
with the Coanda˘ jet. Like heave flutter, pitch flutter is a single degree of freedom flutter
phenomenon, which is independent of the approach velocity. While heave flutter occurs at
high angles of attack near flow separation, pitch flutter may occur at much smaller angles of
attack, which are more likely to be inside the range of operation.
The aerodynamic effects are investigated with the DLR TAU code, a finite volume solver of the
Reynolds-averaged Navier-Stokes equations (RANS), which has been validated for the simu-
lation of a Coanda˘ jet. The profile is described by a two degree-of-freedom model including
heaving and pitching.
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10.03.2016 15:10 Richard Semaan Schleinitzstrasse 23, Raum SN23.1
Reduced-order modeling of the flow around a high-lift configuration with unsteady
Coanda blowing
Richard Semaan (Braunschweig), Pradeep Kumar (), Marco Burnazzi (), Gilles Tissot (Insti-
tut PPRIME, CNRS - {Universita’e de Poitiers}), Laurent Cordier (), Bernd Noack ()
We propose a hierarchy of low-dimensional POD models for the transient and post-transient
flow around a high-lift airfoilwith unsteady Coanda blowing over the trailing edge.The ac-
tuation mitigates von Kármán vortex shedding and increases lift by 80%.We assess a range
of POD-based reduced-order models resolving unactuated and actuated states as well as off-
on and on-off transients.The departure point is a POD model with a single actuation mode
following Graham et al. (1999) and Weller et al. (2009).This actuation mode resolves the
Coanda blowing with strong steady and small oscillatory component.In this study, we propose
a generalized actuation mode concept as a key enabler for an accurate least-order model.We
also offer model improvements through a stabilizing cubic term representing the mean-field
variationsand a noise term modelling the high-frequency background turbulence.The struc-
ture of the dynamical Galerkin system is inferred from mean-field considerations, while the
model parameters are identified with a 4D-Var method.Typical issues associated with subgrid
turbulence and pressure term representation are bypassed, since these terms are optimally in-
corporated in the resulting Galerkin system.Targeting a least-order model, a range of possible
dynamical systems with increasing dynamical resolutionranging from a linear-quadratic to the
full-linear quadratic model was investigated.Only the first four POD modes are retained.The
first two modes represent von Kármán vortex shedding, whereas the third and fourth modes
describe transient base-flow changes under change of actuation.The third mode is concentrated
in the near-field while the fourth mode resolves the far-wake changes.The simplest model in
the proposed hierarchy (GM I) is nothing but a simple oscillator with an actuation term.It de-
scribes the vortex shedding and the first off-on transient.Expectedly, it fails to resurrect the
vortex shedding after complete stabilization following actuation.The addition of a cubic term
(GM II) offers a substitute to the missing shift modeland consequently a globally stable limit
cycle.The first ability of the Landau oscillator to solve the off-on-off transientis with the in-
troduction of the noise term (GM III),which simulates the turbulent fluctuations present in a
real flow.Improved modelling of the transient dynamics and the ability for variable growth-
rate and variable oscillation frequencyare introduced with the addition of mode 3 and 4 (GM
IV).The resolution of the forced high-frequency component is enabled with the inclusion of
higher-order actuation terms, a−2 and a−3 (GM V).The models with a single actuation mode
reproduce the transient and post-transient flow dynamics, yet the speed of the transients and
the amplitude of the base flow changes are quantitatively under-predicted.The accuracy of the
Galerkin model is significantly increased by transferring the frequency-filtering approach for
expansions modes to the actuation modes.This yields an actuation command with steady and
oscillatory components giving rise to a steady and a different oscillatory flow response.Hence,
this response is resolved with three actuation modes, one for the DC component, and two
for the oscillatory one.In hindsight, one cannot expect a single actuation mode to represent
steady blowing and high-frequency fluctuations.The Galerkin expansion comprising the un-
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10.03.2016 17:00 Johannes Nowak Schleinitzstrasse 23, Raum SN23.1
A Capillary Viscometer for the characterization of biocompatible Ferrofluids diluted in
Sheep Blood
Johannes Nowak (TU Dresden), Stefan Odenbach (TU Dresden)
Ferrofluids consist of suspended magnetic nanoparticles in suitable carrier liquids. While on
the one hand those ferrofluids are used in magnetic resonance imaging since several years on
the other hand new approaches are in the focus of current research. For example the magnetic
drug targeting has a high potential to aid in the treatment of cancer. Chemotherapeutic agents
are bound to the magnetic nanoparticles. The ferrofluid is injected arterially and targeted in
the diseased region with strong external magnetic fields, leading to less side effects and an
increasing effectiveness compared to conventional chemotherapy [1].
To guarantee a successful application the flow characteristics of the magnetic fluids have to
be well understood and characterized. In this context the magnetoviscous effect (MVE) is of
special interest - an increasing viscosity of ferrofluids if an external magnetic field is applied,
which is well known from ferrofluids being used in the engineering context [2]. For biocom-
patible ferrofluids this effect has been proven before as well using rotational rheometry [3],
even if sheep blood is used as diluting agent [4].
Nevertheless it is required to enable experiments close to the actual application. Therefore a
flow situation mimicking an arterial flow is required. The presented study introduces a new
capillary viscometer, designed to enable measurements with parameters in the range of the
actual biomedical application regarding the applied shear rates, the pipe diameters as well as
the applied magnetic fields. Furthermore the use of sheep blood as diluting agent is enabled.
It was found that an increasing viscosity can still be measured despite the high shear rates
applied and despite a dilution of the ferrofluids with sheep blood, showing the potential to
influence an actual biomedical application. Furthermore interactions between the structures
formed by the magnetic nanoparticles and the blood cells have to be expected due to different
MVEs found using the same dilutions with sheep blood and water as diluting agent.
Financial support by the Deutsche Forschungsgemeinschaft under grant no. OD18/23-1 is
gratefully acknowledged.
[1] C. Alexiou et al.: Cancer therapy with drug loaded magnetic nanoparticles - magneticdrug
targeting. J. Magn. Magn. Mater. 323, 1404-1407 (2011)
[2] S. Odenbach: Magnetoviscous Effects in Ferrofluids. LNP 71, Springer, Berlin (2002)
[3] J. Nowak et. al.: The influence of hydrodynamic diameter and core composition on the
magnetoviscous effect of biocompatible ferrofluids. J. Phys.: Condens. Matter 26, 176004
(2014)
[4] J. Nowak et. al.: Consequences of sheep blood used as diluting agent for the magnetovis-
cous effect in biocompatible ferrofluids. Appl. Rheol. 25(5), 53250 (2015)
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10.03.2016 17:20 Gerd Mikolajczyk Schleinitzstrasse 23, Raum SN23.1
Deep bed filtration in monolithic porous ceramics - combination of CT and MRI.
Gerd Mikolajczyk (TU Dresden), Stefan Odenbach (TU Dresden)
Filtration processes can be divided into surface filtration and deep bed filtration. If particles
within a suspension are small enough to enter the open porosity of the filter structure, this is
denoted as deep bed filtration. In the last decades model systems of porous filter structures
(e. g. packed beds of glass beads) were a major subject of research (e. g. [1] [2] among others).
However, more realistic filter structures haven’t been studied extensively until now. Due to
these shortcomings it is the aim of this work to investigate deep bed filtration processes in
monolithic porous ceramics [3]. Those ceramics serve as an example for more realistic filter
structures and are provided by the "Advanced Ceramics Group", University of Bremen, Ger-
many. The pore sizes of the monoliths and the hydrophilicity of their surface are adjustable in
order to investigate the impact of those structural parameters on the filtration process.
For the experimental studies, X-ray micro-computed tomography (µCT) is used to image the
opaque filter structure and the particle deposition sites in-situ. Additionally, it is aimed to
measure the tortuous three dimensional velocity within the filter by means of flow magnetic
resonance imaging (flow-MRI). To do so, the filter is mounted in a Bruker Biospec 70/20
USR ("in-vivo-MR group", University Bremen, Germany) and subsequently rinsed with dis-
tilled water at a constant flow rate in order. Afterwards, deep bed filtration experiments are
performed. Therefore, a diluted suspension is pumped through the filter with the same flow
rate that was used before. After a certain time of filtration, the flow is stopped and a µCT-
scan of the filter (containing deposited particles) is performed. Subsequently, µCT-scans are
repeated to image the temporal evolution of particle deposition sites within the filter.
Investigations on model systems of porous structures have shown an exponential decrease of
the particle concentration within the filter in axial direction (direction of flow) (e. g. [3]). First
results of deep bed filtration experiments in monolithic ceramic foams indicate a deviation
from such an exponential pattern. The evaluation of individual pores of the foam has shown
that the amount of particles between two time steps of filtration is reduced in some of the pores.
This indicates a reentrainment of some particles due to changing flow patterns within the filter.
This is taken as an additional motivation to measure the flow by means of flow-MRI.
This work is supported by German Research Foundation (DFG) within the Research Training
Group GRK 1860 "Micro-, meso- and macroporous nonmetallic Materials: Fundamentals and
Applications" (MIMENIMA).
[1] J.-F. Gaillard et al. Imaging of colloidal deposits in granular porous media by X-ray dif-
ference micro-tomography. Geophys. Res. Letters 34 (18) (2007)
[2] F.A.H. Al-Abduwani et al. Filtration of micron-sized particles in granular media revealed
by X-ray computed tomography. Review Sci. Instr. 76 (10), 103704 (2005)
[3] M. Adam et al. Hierarchically ordered foams derived from polysiloxanes with catalytically
active coatings. Journal of European Ceramic Society 34, 1715 – 1725 (2014)
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10.03.2016 17:40 Marion Cormier Schleinitzstrasse 23, Raum SN23.1
Interaction between inner and outer layer in drag-reduced turbulent flows
Marion Cormier (Karlstuhe Institute of Technology), Davide Gatti (Karlstuhe Institute of
Technology), Bettina Frohnapfel (Karlstuhe Institute of Technology)
In order to provide solutions to the global energy issues, prediction and control of interfacial
transport phenomena play critical roles. In particular, technologies for viscous drag reduction
at solid surfaces have large economic and ecological impacts on high-speed transport applica-
tions. Since these engineering flows are turbulent, huge amount of efforts are currently made
to understand and effectively control turbulence in the near-wall region, where skin-friction
occurs.
Flow control techniques for turbulent skin-friction drag reduction exhibit decreasing perfor-
mance for increasing Reynolds numbers (Re), whether they be passive riblets or active strate-
gies. For near-wall control strategies, which target turbulence in the very vicinity of the wall,
one reason for this decay has been found by simple observation of the control-induced modifi-
cations of the mean velocity profile in its logarithmic region [1]. The performance degradation
is usually ascribe also to the presence of large scale turbulent structures at high Re, which carry
a significant portion of Reynolds stresses and cause a large-scale modulation of turbulent fluc-
tuations in the near-wall region [2]. However, the importance of the large-scale modulation on
the capability to achieve drag reduction has never been studied systematically.
In this work, a large database of turbulent channel flows at Reτ = 1000 in unmodified and
drag-reduced state is exploited to observe weather the near-wall footprint of superstructures
significantly affects the achievable drag reduction. First, we assess the potential of Empir-
ical Mode Decomposition [3] as means to separate the large-scale velocity fluctuation from
the turbulent background. Then, the modification that drag-reducing control via streamwise-
travelling waves of spanwise wall velocity induces on the statistical properties of large-scale
turbulent structures is discussed.
References
[1] D.Gatti, M.Quadrio, Reynolds number effect on turbulent drag reduction, 5th European
Turbulence Conference 2015, Delft
[2] N.Hutchins, I.Marusic, Evidence of very long meandering features in the logarithmic re-
gion of turbulent boundary layers, J. Fluid Mech., 579, 2007.
[3] L.Agostini, M.A.Leschziner, On the influence of outer large-scale structure on near-wall
turbulence in channel flow, Phys. Fluids, 26, 2014.
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10.03.2016 18:00 Nico Reuther Schleinitzstrasse 23, Raum SN23.1
Experimental investigation of turbulent boundary layer drag reduction by large-scale
structure modulation
Nico Reuther (Universität der Bundeswehr München), Muhammad bin Mansoor (Universität
Freiburg), Christian J. Kähler (Universität der Bundeswehr München)
Flow control concepts are of great scientific and technological interest due to the ability to in-
crease the efficiency of flight vehicles and improve fuel economy. Classical active and passive
flow control strategies focused on delaying transition or separation and are often ineffective
for turbulent flows. However, it is known, that about one half of the total drag of modern
civil airplanes is due to skin friction produced in turbulent boundary layers [1]. Furthermore,
large scale motions, present in the logarithmic and outer regions of a turbulent boundary layer,
were found to be increasingly significant with Reynolds number [2] and leave a footprint in
the near wall region and thus directly interact with the near-wall cycle [3]. Hence, this might
give new possibilities in manipulating the drag of airfoils by acting on large-scale structures,
and therefore reducing the skin friction at high Reynolds numbers. Provided in this contribu-
tion is an experimental study using large-scale PIV combined with long-range micro PIV, for
the purpose of analyzing the efficiency of flow control approaches aimed at the modulation
of superstructures. Moreover, this study presents a flow control approach using a pointwise
oscillating actuation in a wall-normal direction performed by means of a single piezoelectric
actuator [4]. The aim of this concept is to break up the cycle of self-preservation of the turbu-
lent large scale motions and hence influence the skin friction.
To assess the potential of the this concept at high Reynolds number and at wing-like condi-
tions, the actuator was integrated in the adverse pressure gradient part of an existing boundary
layer model in the AWM, an Eiffel type atmospheric wind tunnel at the University of the Bun-
deswehr Munich, which has a 22 m long test section and a 2×1.8 m2 cross section. The model
installed, consists of two s-shaped deflections and a 4 m long flat plate in between and has a
total length of 7 m. By means of this setup, Reynolds numbers of Reτ = 10000 and a pressure
gradient of ∆p+x = ν/(ρu3τ)dp/dx= 0.056 at the location of actuation could be realized.
Due to the complexity of the flow mechanism within a turbulent boundary layer, controlling of
turbulent flows remains very challenging and therfore the requirements for the actuator is still
an open question. Hence, different operating parameters of the actuator were tested to improve
the understanding of the interaction between the artificial introduced disturbances and the tur-
bulent flow structures. In the case of the single piezoelectric actuator, different frequencies
and strokes were analyzed.
In order to measure the wall-normal velocity field and capture the full boundary layer, a multi-
camera PIV setup consisting of two sCMOS PIV cameras, equipped with 35 mm Zeiss objec-
tives, were used. To locally increase the resolution and resolve the inner part of the boundary
layer, the 2D2C-PIV measurement was combined with a long-range microscope measurement,
located 0.5δ downstream of the actuator. For statistical evaluation reasons, 15,000 double-
frame images were recorded for each case and evaluated by means of state-of-the-art PIV and
PTV algorithm. To study the efficiency in terms of skin friction drag reduction, the behavior
of statistical averaged quantities, such as mean velocity and turbulence intensity profiles were
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09.03.2016 09:30 Marian Albers Schleinitzstrasse 23, Raum SN23.1
Drag reduction via wall normal oscillations in turbulent flat plate boundary layer flow
at very high Reynolds number
Marian Albers (Aerodynamisches Institut Aachen), Pascal S. Meysonnat (Aerodynamisches
Institut Aachen), Wolfgang Schröder (Aerodynamisches Institut Aachen)
Drag reduction in turbulent boundary layer flows is one of the key methods for substantial
energy savings in aircraft design. Large parts of the flow over the wing of modern aircraft is
turbulent, thus even net energy savings of a few percent can lead to high cost savings. There-
fore, numerous techniques have been investigated in the past for passive and active turbulent
flow control. Among the passive techniques are the riblet shaped surfaces, which can decrease
drag by up to 10 percent for a riblet amplitude of A+ = 15− 20 in inner units [1]. In active
flow control, it was shown that spanwise oscillating walls can decrease the friction drag by
up to 50 percent in turbulent channel flows [2]. Wall normal forcing has also proven to be
an effective mean of drag reduction. Mamori and Fukagata [3] investigated the influence of
a wave-like wall-normal body forcing in a channel flow and found drag reductions of up to
38 percent. Koh et al. [4] showed a decrease in wall-shear stress in turbulent boundary layer
flows for spanwise traveling surface waves of wall-normal motion with drag reductions up
to 11 percent. However, many of the investigatons in wall-shear stress reduction techniques
focus on the effects in the near-wall boundary layer and active controls often result in negative
net energy savings due to the energy that needs to be put into the system. Furthermore, most
studies conduct the experiments at low to medium Reynolds numbers which have limited rel-
evance for real applications. Therefore, a new actuation technique for oscillating transversal
motions is tested in a turbulent boundary layer flow at Reθ = 10,000. The goal is to influence
the coherent very large structures in the outer boundary layer and thereby to prevent the high
speed fluid to sweep into the near-wall region. This is expected to have influence on the vis-
cous regeneration cycle and to result in a decrease of wall-shear stress. The actuation of the
wall is based on a real-existing mechanical actuator that excites a metal membrane to vibra-
tion at its natural frequency with high amplitudes. This allows the introduction of momentum
at very high frequencies into the flow field. The focus of this investigation is the identifica-
tion of the effects of a single actuator on the coherent turbulent structures and the wall-shear
stress development the vicinity of the actuator. Numerical investigations are performed using
a zonal RANS/LES approach with a high near wall resolution to accurately capture the bulk
of the turbulent fluctuations in the near wall region. For the LES, no explicit turbulence model
is used but the monotonically integrated LES approach is taken. The physical domain is kept
small due to the high Reynolds number and a turbulent flow field is generated at the inflow
by the synthetic turbulence generation method and superposed to a mean velocity profile. The
transversal wall movement is described by an analytical function for the modes of a vibrating
circular plate and imposed on the flow field through the no-slip wall boundary condition. The
resulting wall-shear stress profile is compared against the non-actuated flow. Velocity and
Reynolds shear stress profiles downstream of the actuator are expected to show changes in the
flow characteristics between the non-actuated and the actuated flow. The anisotropy invariant
mapping is used to detect changes in the nature of the turbulence caused by the actuator. The
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09.03.2016 18:00 Steffen Straub Schleinitzstrasse 23, Raum SN23.1
Direct numerical simulations of controlled turbulent duct flows
Steffen Straub (Karlsruhe Institute of Technology), Davide Gatti (Karlsruhe Institute of Tech-
nology), Philipp Schlatter (KTH Royal Institute of Technology), Ricardo Vinuesa (KTH Royal
Institute of Technology), Bettina Frohnapfel (Karlsruhe Institute of Technology)
Most flows encountered in engineering are turbulent flows, for instance the flow around an
airplane wing, around a car or the flow through gas pipelines. The majority of those is ac-
companied by unwanted turbulent drag, meaning the increased drag compared to the laminar
case caused by the turbulence of the flow. In order to increase the efficiency, for instance less
power input to drive a certain amount of fluid through a pipe, the turbulent drag needs to be
reduced.
This motivates the direct numerical simulations of controlled turbulent duct flows which are
performed using the spectral element method. The applied control technique is the harmonic
oscillation of both horizontal walls in order to achieve turbulent drag reduction. The side
walls remain fixed. To the best of the author’s knowledge, this is the first time that this control
technique is numerically investigated in a duct geometry, which is a standard choice in experi-
ments. Different control parameters, namely the amplitude of wall velocity and the controlled
area, are tested in three different cases and their results are compared to each other and to the
uncontrolled flow. Two effects of this control technique in a rectangular duct are investigated:
the effect on drag reduction and the effect on the secondary motions induced by the corners.
Additionally, selected statistics of the mean flow are evaluated in order to understand the im-
pact of the moving walls on the turbulent flow.
It is found that the secondary motions are strongly amplified and modified in shape and lo-
cation compared to the uncontrolled turbulent duct flow. One of the two counter rotating
streamwise vortices at the corner is strengthened and pushes the other one closer to the core
region. In the case of only partially moving horizontal walls an additional pair of counter
rotating streamwise vortices is generated.
The achieved drag reduction levels are poor compared to the results in a channel. The only
positive drag reduction achieved is ≈ 3% in a case where the corresponding results in the
channel are ≈ 19%. The case with higher amplitude of wall velocity shows a drag increase
of ≈ 10% and the case with reduced controlled area only in the centre of the duct yields drag
increase of ≈ 1%. It is shown that these low or even negative levels of drag reduction are a
result of the poor performance at the lateral sides of the controlled region.
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10.03.2016 09:30 Emre Özkaya Schleinitzstrasse 23, Raum SN23.1
A Discrete Adjoint CAA Solver for the Design Optimization of Acoustic Liners
Emre Özkaya (TU Kaiserslautern), Junis Abdel Hay (TU Kaiserslautern), Nicolas R. Gauger
(TU Kaiserslautern), Norbert Schönwald (CFD GmbH), Frank Thiele (CFD GmbH)
The noise generated by turbofan aero-engines is the one of the major sources of noise emis-
sion, especially in areas close to airports. The elevated noise emission levels due to rapid
increases in air traffic in recent years have been a serious environmental impact. Therefore,
reducing engine noise has become one of the important goals in turbofan engine design. In
today’s aero-engine technology, using acoustic liners is a standard technique to damp the en-
gine noise. Using the Extended Helmholtz Resonator (EHR) impedance model, it is possible
to simulate the effect of these liners on the engine noise in CAA simulations. So far, the liner
parameters are selected either based on experimental results or based on results from the trial-
and-error type of simulations. However, one can ideally find the optimal distribution of liner
model parameters using gradient-based numerical optimization methods. Since the number
of design parameters in such optimizations can be very large, employing an adjoint solver to
evaluate the liner sensitivities is the most efficient way. In this talk, we introduce such a dis-
crete adjoint solver for aeroacoustic wave propagation under flow conditions using linearized
Euler equations (LEE) and the EHR impedance model. The chosen method for the adjoint
solver development is the discrete adjoint method combined with Automatic Differentiation
(AD) techniques. In general, the discrete adjoint method is eminent as far as robustness and
convergence issues are concerned. Furthermore, AD techniques facilitate adjoining complex
models such as the EHR impedance model. In this work, a base CAA solver is differentiated
in reverse mode of AD to obtain an adjoint CAA solver, which solves LEE backward-in-time.
To reduce the memory requirements of the adjoint solver, a two-level checkpointing scheme
is employed with a combined RAM/disk usage for the checkpoints. In this way, the adjoint
solver is rendered feasible for any cluster architecture. The validation of the adjoint solver
is achieved by making a comparison between the results from the adjoint solver and finite
difference approximations. The test case chosen for this purpose is a generic engine by-pass
duct configuration with bifurcations, consisting of approximately 10M grid points. The vali-
dation results have shown that an excellent accuracy can be achieved by using the CAA adjoint
solver.
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08.03.2016 08:30 Lorenzo Nardini Pockelsstrasse 11/Haus der Wissenschaft, Raum
PK11.2
Convergence of singularly perturbed second order potential-type equations
Lorenzo Nardini (SISSA)
We study the limit as ε → 0 of the singularly perturbed second order equation
ε2u¨ε +∇xV (t,uε(t)) = 0,
where V (t,x) is a potential. We assume that u0(t) is one of its equilibrium points such that
∇xV (t,u0(t)) = 0 and ∇2xV (t,u0(t))> 0. We find that, under suitable initial data, the solutions
uε converge uniformly to u0, by imposing mild hypotheses on V . A counterexample shows
that they cannot be weakened.
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08.03.2016 08:50 Christian Thiel Pockelsstrasse 11/Haus der Wissenschaft, Raum PK11.2
The sum of squared logarithms inequality in arbitrary dimensions
Lev Borisov (), Patrizio Neff (), Suvrit Sra (), Christian Thiel (Universität Duisburg-Essen)
We prove the sum of squared logarithms inequality (SSLI) which states that for nonnegative
vectors x,y ∈Rn whose elementary symmetric polynomials satisfy ek(x)≤ ek(y) (for 1≤ k <
n) and en(x)= en(y), the inequality∑i(logxi)2≤∑i(logyi)2 holds. Our proof of this inequality
follows by a suitable extension to the complex plane. In particular, we show that the function
f : M ⊆Cn→R with f (z) =∑i(logzi)2 has nonnegative partial derivatives with respect to the
elementary symmetric polynomials of z. This property leads to our proof. We conclude by
providing applications and wider connections of the SSLI.
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08.03.2016 09:10 Adrien Semin Pockelsstrasse 11/Haus der Wissenschaft, Raum PK11.2
Homogenization of a thin periodic layer interacting with corner singularities
Adrien Semin (Technische Universität Berlin), Kersten Schmidt (Technische Universität
Berlin), Bérangère Delourme (Université Paris 13)
We will consider the acoustic wave propagation in a channel separated from a chamber by a
thin periodic layer. This model stand for microperforated absorbers which are used to supress
reflections from walls. Due to the smallness of the periodicity a direct numerical simulation,
e.g. with the finite element method, is only possible for very large costs. We are interested in
the construction and the analysis of the asymptotic expansion in the whole domain where we
meet the difficulty that the thin periodic layer and the macroscopic corner singularities interact.
This interactions up in powers of δ and δα , where δ is the layer thickness and periodicity of
the inhomogeneities and α depends on the opening angle.
In the talk we will pay particular attention to analyze the near-field problems close to the corner
and the periodic layer. For this, we will introduce a solution extending the Kondratiev theory
for corner singularities (which is based on the Mellin transform) in the spirit of Nazarov. This
will allow us give show rigorous estimates of the error of the asymptotic expansion. The talk
will be finished by a series of numerical experiments illustrating the theoretical results on the
example of perforated liners.
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08.03.2016 17:00 Wolfgang Wendland Pockelsstrasse 11/Haus der Wissenschaft, Raum
PK11.2
Transmission problems for the Stokes and Darcy Forchheimer Brinkman systems with
Lipschitz interface in R3 and on compact Riemannian manifolds
Wolfgang Wendland (IANS Universität Stuttgart)
This lecture presents some joint work with
Mirela Kohr (Babes¸ Bolyai Univ., Cluj–Napoca), Massimo Lanza de Cristoforis (Univ. Padua)
and Sergey E. Mikhailov (Brunel University, Uxbridge)
We obtain existence and uniqueness results in Sobolev spaces for transmission problems for
the nonlinear Darcy–Forchheimer–Brinkman system and the linear Stokes system in two com-
plementary Lipschitz domains in R3 and also on compact Riemannian manifolds. We apply
a layer potential method for the Stokes and Brinkman systems combined with a fixed point
argument to obtain existence results. Uniqueness is also obtained for sufficiently small given
data.
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08.03.2016 17:20 Bugra Kabil Pockelsstrasse 11/Haus der Wissenschaft, Raum PK11.2
Local Existence of Shock Wave Solutions to the Euler Equations
Bugra Kabil (University Stuttgart)
The persistence of subsonic phase boundaries in a multidimensional Van der Waals fluid is
analyzed.The phase boundary is considered as a sharp free boundary which connects liquid
and vapor bulk phase dynamics given by the isothermal Euler equations. The evolution of the
boundary is driven by effects of configurational forces as well as surface tension.To analyze
this nonlinear problem, the equations and trace conditions are linearized such that one obtains
a general hyperbolic initial boundary value problem with higher-order boundary conditions. A
global existence theorem for the linearized system with constant coefficients is established. In
particular, a new energy-like estimate which also includes surface energy terms leads finally
to the uniqueness and regularity for the solutions of the linear problem in weighted spaces.By
using the results of this linearized system, an iteration scheme yields the local existence of
shock wave solutions to the fully nonlinear problem which will be stated as the main result of
this talk.
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08.03.2016 17:40 Tobias Haas Pockelsstrasse 11/Haus der Wissenschaft, Raum PK11.2
The FWI approximation makes wrong predictions for a Boussinesq-Problem
Tobias Haas (University of Stuttgart)
The four wave interaction (FWI) system can be derived via multiple scaling analysis to de-
scribe small modulations in time and space of four spatially and temporally oscillating inter-
acting wave packets. For a Boussinesq model we want to give a counter example which shows
that the FWI approximation in general will not make correct predictions about the original
system. In this example for the failure of a modulation equation we do not impose periodic
boundary conditions unlike in existing examples. This is joint work with Guido Schneider
(Universität Stuttgart).
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08.03.2016 18:00 Ralf Kaiser Pockelsstrasse 11/Haus der Wissenschaft, Raum PK11.2
Mathematical problems in dynamo theory
Ralf Kaiser (Universität Bayreuth)
The generation of planetary and stellar magnetic fields is generally ascribed to the dynamo
effect through which mechanical energy stored in the motion of a conducting fluid is converted
in magnetic energy. Mathematically this process is described by the dynamo equation, which
constitutes a system of parabolic equations for the magnetic field components with coefficients
provided by a velocity field and a conductivity distribution. In general, the velocity field
couples these components in a nontrivial way which makes the question for non-decaying
solutions (the criterion of a working dynamo) difficult to answer. It is well-known that the
dynamo process requires a certain degree of complexity of the velocity field as well as of
the magnetic field. These requirements are specified in so-called antidynamo theorems which
exclude dynamo action for certain classes of velocity or magnetic fields. The most famous
example is Cowling’s theorem ruling out dynamo action for axisymmetric magnetic fields.
Another class of antidynamo theorems constrains the velocity field rather than the magnetic
field. Its most prominent representative is the “toroidal velocity theorem”, stating that no
dynamo action is possible if the divergence-free velocity field is constrained to spheres.
My talk is divided into three parts: The first one is a general introduction of the dynamo
problem, the second one discusses Cowling’s classical theorem and the third part is concerned
with a more recent antidynamo theorem excluding certain “invisible dynamos”, i.e. dynamos
with vanishing external magnetic field.
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08.03.2016 18:20 Johannes Lankeit Pockelsstrasse 11/Haus der Wissenschaft, Raum
PK11.2
Long-term behaviour in a chemotaxis-fluid system with logistic source
Johannes Lankeit (Universität Paderborn)
We prove the existence of weak solutions to the coupled chemotaxis-fluid system
nt = ∆n−χ · (n∇c)+κn−µn2−u ·∇n
ct = ∆c−nc+u ·∇c
ut = ∆u−u∇u+∇P+n∇Φ+ f , ∇ ·u= 0
in a smooth, bounded, 3-dimensional domain for suitably given parameters χ , κ , µ and func-
tions Φ, f and consider their eventual regularity. Convergence of n, c and u as t → ∞ is
proven.
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08.03.2016 18:40 Anja Schlömerkemper Pockelsstrasse 11/Haus der Wissenschaft, Raum
PK11.2
Analysis of the Flow of Magnetoelastic Materials
Barbora Benešová (Universität Würzburg), Johannes Forster (Universität Würzburg), Car-
los García-Cervera (University of California, Santa Barbara), Chun Liu (The Penn State
University), Anja Schlömerkemper (Universität Würzburg)
Magnetic materials have the special property that they react to applied external fields in re-
markable ways and therefore they have many technological applications: not only can they be
found in medical applications, but, for example, also in loud speakers and shock absorbers.
We consider a model for micromagnetic materials in the framework of complex fluids, which
couples the elastic and the magnetic properties of the material. The system of PDEs to model
the flow of the material was derived in a continuum mechanical setting from variational prin-
ciples.
In this talk, we show existence of weak solutions for this model both with gradient flow
type dynamics on the magnetic variable as well as with the Landau-Lifshitz-Gilbert equation.
Moreover, we highlight the main differences of the proofs.
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09.03.2016 08:30 Pavel Gurevich Pockelsstrasse 11/Haus der Wissenschaft, Raum PK11.2
Reaction-diffusion equations with hysteresis
Pavel Gurevich (Free University of Berlin), Sergey Tikhomirov (Max Planck Institute for
Mathematics in the Sciences, Leipzig)
We consider reaction-diffusionequations with hysteresis that is given at every spatialpoint.
Such systems arise when one describes hystereticinteractions between several diffusive and
nondiffusive substances.We will overview different PDE based techniques for treating such
systems and explain how a spatial discretization reveals a microstructure (a rattling pattern)
that isinvisible in the continuous model. We discuss mechanisms of formation ofglobal and
local spatio-temporal patterns as well as interconnections between them.
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09.03.2016 09:10 Gero Friesecke Pockelsstrasse 11/Haus der Wissenschaft, Raum PK11.2
Twisted X-rays: incoming waveforms yielding discrete diffraction patterns for helical
structures
Gero Friesecke (Technical University of Munich), Richard D. James (University of Min-
nesota), Dominik Juestel (Technical University of Munich)
Conventional X-ray methods use incoming plane waves which result in discretediffraction pat-
terns when scattered at crystals. Here we fnd, by a systematic method, incoming waveforms
which exhibit discrete diffraction patterns when scattered at helical structures. As exampleswe
present simulated diffraction patterns of carbon nanotubes and tobacco mosaic virus.The new
incoming waveforms, which we call twisted waves due to their geometric shape, are foundthe-
oretically as closed-form solutions to Maxwell’s equations. The theory of the ensuing diffrac-
tionpatterns is developed in detail. A twisted analogue of the Bragg–Von Laue condition is
seen to hold, with the peak locations encoding the symmetry and the helix parameters, and the
peak intensities allowing – up to a phase problem, which can be overcome by suitably adapt-
ing phase retrieval algorithms from the crystal case – to reconstruct the electronic structure in
the unit cell. If suitable twisted X-ray sources can in the future be realized experimentally,
it appears fromour mathematical results that they will provide a powerful tool for directly
determining the detailed atomic structure of numerous biomolecules and nanostructures with
helical symmetries. This would eliminate the need to crystallize those structures or their sub-
units.
References: G. Friesecke, R.D. James, D. Juestel, arXiv:1506.04240, 2015; D. Juestel, G.
Friesecke, R.D. James, Acta Crystallographica, 2016
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09.03.2016 14:30 Hans-Christoph Grunau Pockelsstrasse 11/Haus der Wissenschaft,
Raum PK11.2
Boundary value problems for the Willmore functional
Hans-Christoph Grunau (Otto-von-Guericke-Universität)
For sufficiently smooth (2D) surfaces S ⊂ R3 (with or without boundary) we define the Will-
more functional W (S) := 14
∫
SH
2 dS with mean curvature H(x) := κ1(x)+κ2(x), the sum of
the principal curvatures. Smooth critical points of the Willmore functional are called Willmore
surfaces and solve the Willmore equation ∆SH+2H
(1
4H
2−K)= 0 on S, which is quasilin-
ear, of fourth order, elliptic, but not uniformly.In this survey lecture the Dirichlet problem for
minimising the Willmore functional is discussed under various symmetry or projectability as-
sumptions. The lecture concerns joint works with Anna Dall’Acqua (Ulm), Klaus Deckelnick
(Magdeburg), Steffen Fröhlich (Mainz), Matthias Röger (Dortmund), and, for the numerics,
Friedhelm Schieweck (Magdeburg).
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09.03.2016 15:10 Bernd Schmidt Pockelsstrasse 11/Haus der Wissenschaft, Raum PK11.2
On Griffith-Euler-Bernoulli functionals for thin brittle beams
Bernd Schmidt (Universitaet Augsburg)
We study a planar thin brittle beam subject to elastic deformations and cracks described in
terms of a nonlinear Griffith energy functional acting on SBV deformations of the beam. In
particular we consider the case in which elastic bulk contributions due to finite bending of the
beam are comparable to the surface energy which is necessary to completely break the beam
into several large pieces. In the limit of vanishing aspect ratio we rigorously derive an effective
Griffith-Euler-Bernoulli functional which acts on piecewise W 2,2 regular curves representing
the midline of the beam. The elastic part of this functional is the classical Euler-Bernoulli
functional for thin beams in the bending dominated regime in terms of the curve’s curvature.
In addition there also emerges a fracture term proportional to the number of discontinuities of
the curve and its first derivative.
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09.03.2016 16:00 Sascha Eichmann Pockelsstrasse 11/Haus der Wissenschaft, Raum
PK11.2
Non-uniqueness for Willmore surfaces of revolution satisfying Dirichlet boundary data
Sascha Eichmann (Otto-von-Guericke Universität Magdeburg)
We consider Willmore surfaces of revolution with Dirichlet boundary conditions. A non-
uniqueness result will be presented, which was achieved by reformulating the problem in
the Poincaré half-plane and solving a suitable initial value problem for the corresponding
elastic curve. The behavior of such elastic curves is examined by a method provided by
Langer&Singer to reduce the order of the underlying ordinary differential equation by intro-
ducing a special Killing vector field. This ensures that these elastic curves satisfy the boundary
conditions and differ from solutions already obtained by Dall’Acqua, Deckelnick&Grunau.
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09.03.2016 16:20 Lars Diening Pockelsstrasse 11/Haus der Wissenschaft, Raum PK11.2
Nonlinear Calderon-Zygmund theory
Lars Diening (Osnabrück)
It is well known that linear elliptic equations of second order can be succesfully treated by
the powerful Calderon-Zygmund theory. Consider for example the model case −∆u = divF .
In this situation the solution operator F 7→ ∇u is a mapping from any Lp space to itself if
1< p<∞. In the limiting case p=∞ the space L∞ has to be replaced by the space of bounded
mean oscillations (BMO). The situation is much more delicate if the underlying PDE is non-
linear. However, there has been recent progress in the case of the non-linear p-Laplacian
−div(|∇u|p−2∇u) = divF , which arises for minimizers of the energy ∫ |∇u|p−udivF dx. We
show a novel pointwise estimate of the gradients in terms of the right-hand side. From this
estimate the mapping properties also in the case of BMO follow easily. This is a joint work
with D. Breit, A. Cianchi, T. Kuusi and S. Schwarzacher.
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09.03.2016 16:40 Matthias Liero Pockelsstrasse 11/Haus der Wissenschaft, Raum PK11.2
On p(x)-Laplace thermistor models describing electrothermal feedback in organic
semiconductor devices
Matthias Liero (Weierstrass Institute Berlin)
Organic semiconductor devices are thin-film multilayer structures consisting of organic, i.e.
carbon-based, molecules or polymers. Nowadays, they can be found in everyday life in smart-
phone displays, photovoltaic cells, and TV screens. In addition, organic light-emitting diodes
(OLEDs) have been identified as a promising alternative to conventional solid-state lighting.
However, several technological issues in the development of efficient large-area OLEDs exist.
In lighting applications, a much higher brightness than in displays is required. At high power,
a substantial self-heating in the device occurs, which leads to unpleasant brightness inhomo-
geneities. Although the role of electrothermal interplay has been recognized, the fundamental
understanding of this mechanism is still missing. For example, there is no explanation why the
highest temperature is reached at the device boundary although the heat conduction is worst
at the center of the structure. Furthermore, lighting panels can show a saturation of brightness
around their center at elevated self-heating, see [?].
In this talk, we present analytic results for a new stationary thermistor model, introduced
in [?], to describe the electrothermal behavior of large-area OLEDs. The coupled system
consists of the current-flow equation for the electrostatic potential and the heat equation with
Joule heating term as source. The self-heating in the device is modeled by an Arrhenius-like
temperature dependency of the electrical conductivity. The non-Ohmic electrical behavior of
the organic material is described by a power law such that the electrical conductivity depends
nonlinearly on the electric field. Notably, we allow for functional substructures with different
power laws, which gives rise to a p(x)-Laplace-type problem with discontinuous exponent.
The talk presents joint work with M. Bulícˇek (Charles University Prague), A. Glitzky and
T. Koprucki (WIAS) and reports on experimental results of A. Fischer and R. Scholz (Institute
of Applied Photophysics, TU Dresden). Support from the Einstein Center for Mathematics
via MATHEON project SE2: “Sustainable Energies: Electrothermal Modeling of Large-Area
OLEDs” is gratefully acknowledged.
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09.03.2016 17:00 Andrija Raguz Pockelsstrasse 11/Haus der Wissenschaft, Raum PK11.2
Minimization of asymptotic energy of the Muller functional endowed with local nonlin-
ear lower order term
Andrija Raguz (ZSEM)
We solve a minimization problem associated to a generalization of the Müller functional stud-
ied in the paper G. Alberti, S. Müller: A new approach to variational problems with multi-
ple scales, Comm. Pure Appl. Math. 54, 761–825 (2001), whereby the lower order term∫ 1
0 a(s)v
2(s)ds (involving a primitive of the mass density function, v = v(s), and the weight
function a = a(s)) is replaced by
∫ 1
0 a(s,v(s),v
′(s))v2(s)ds (where a belongs to a suitable
Carathéodory class). We calculate the rescaled asymptotic energy of the functional as small
parameter epsilon tends to zero.
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09.03.2016 17:20 Robert Martin Pockelsstrasse 11/Haus der Wissenschaft, Raum PK11.2
Rank-one convexity implies polyconvexity for isotropic, objective and isochoric elastic
energies in the two-dimensional case
Robert Martin (Universität Duisburg-Essen), Ionel-Dumitrel Ghiba (Universität Duisburg-
Essen), Patrizio Neff (Universität Duisburg-Essen)
We show that in the two-dimensional case, every objective, isotropic and isochoric energy
function which is rank-one convex on GL+(2) is already polyconvex on GL+(2). Thus we
negatively answer Morrey’s conjecture in the subclass of isochoric nonlinear energies, since
polyconvexity implies quasiconvexity in general. Our methods are based on different repre-
sentation formulae for objective and isotropic functions in general as well as for isochoric
functions in particular. We also state criteria for these convexity conditions in terms of the
deviatoric part of the logarithmic strain tensor.
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09.03.2016 17:40 Heiner Olbermann Pockelsstrasse 11/Haus der Wissenschaft, Raum
PK11.2
Symmetry breaking in indented elastic cones
Heiner Olbermann (Hausdorff Center Bonn), Sergio Conti (Hausdorff Center Bonn), Ian To-
basco (Courant Institute New York)
Motivated by simulations of carbon nanocones, we consider a variational plate model for
an elastic cone under compression in the direction of the cone symmetry axis. Assuming
radial symmetry, and modeling the compression by suitable Dirichlet boundary conditions
at the center and the boundary of the sheet, we identify the energy scaling law in the von-
Kármán plate model. Specifically, we find that three different regimes arise with increasing
indentation: initially the energetic cost of the logarithmic singularity dominates, then there is
a linear response correspondingto a moderate deformation close to the boundary of the cone,
and for larger indentation a localized inversion takes place in the central region. Then we
show that for large enough indentations minimizers of the elastic energy cannot be radially
symmetric. We do so by an explicit construction that achieves lower elastic energy than the
minimum amount possible for radially symmetric deformations.
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10.03.2016 08:30 Joachim Escher Pockelsstrasse 11/Haus der Wissenschaft, Raum
PK11.2
On qualitative properties of solutions to MEMS
Joachim Escher (Leibniz Universität Hannover)
Qualitative properties of solutions to the evolution problem modelling the dynamic behaviour
of electrostatically actuated microelectromechanical systems (MEMS) with general permit-
tivity profile are investigated. The MEMS devices under consideration consist of a flat rigid
ground plate and an elastic membrane that is suspended above the ground plate. The elastic
membrane is coated with a thin conducting film on its upper surface and it features in addition
a certain dielectric permittivity profile. An application of a voltage to the conducting film on
the membrane induces a vertical deflection of the elastic membrane. The governing system of
partial differential equations couples a parabolic evolution problem for the membrane’s dis-
placement with an elliptic moving boundary value problem for the electrostatic potential in
the region between the membrane and the rigid ground plate. Our results for the full coupled
system bring new properties to light, which cannot be observed in the regime goverened by
the widely used simplified small-aspect ratio model – a single semilinear parabolic equation
for the deflection of the membrane only.
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10.03.2016 09:10 Wolf-Patrick Düll Pockelsstrasse 11/Haus der Wissenschaft, Raum
PK11.2
On the mathematical justification of the NLS approximation for hydrodynamic prob-
lems
Wolf-Patrick Düll (Universität Stuttgart)
Many mathematical models for hydrodynamic problems, for example, the water wave prob-
lem, are so complicated that a qualitative understanding of the solutions to the full problems
being usable for practical applications does not seem within reach for the near future, neither
analytically nor numerically. Therefore, it is reasonable to approximate the equations of the
full model in various parameter regimes by equations whose qualitative properties are more
easily accessible. To understand to which extent these reduced model equations yield correct
predictions of the behavior of the original problems it is important to justify the validity of
these approximations by estimates of the approximation errors in the typical length and time
scales.
For example, in order to describe slow temporal and spatial modulations of oscillating wave
packets the Nonlinear Schrödinger equation can be formally derived as an approximation
equation for the dynamics of the envelopes. In this talk, we discuss mathematically rigor-
ous justifications of the Nonlinear Schrödinger approximation.
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10.03.2016 13:30 Marita Thomas Pockelsstrasse 11/Haus der Wissenschaft, Raum PK11.2
Non-smooth PDEs in material failure: Towards dynamic fracture
Marita Thomas (Weierstrass Institute for Applied Analysis and Stochastics)
This talk addresses certain key points arising in the analysis of material failure models. Pro-
cesses, such as plastification, damage, delamination, and fracture, are often considered rate-
independent and interact with other phenomena of rate-dependent nature like inertia and vis-
cous material properties. Mathematically, this leads to nonlinear PDE systems of mixed type
also involving non-smooth constraints. A general analytical framework for such systems is
discussed and applied to the treatment of models suited to describe certain fracture processes,
such as adhesive contact or brittle delamination, in the dynamic setting. This contribution
is based on collaborations with R. Rossi (Brescia), C. Panagiotopoulos (Heraklion), and T.
Roubícˇek (Prague).
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10.03.2016 14:10 Dorothee Knees Pockelsstrasse 11/Haus der Wissenschaft, Raum
PK11.2
Convergence of alternate minimization schemes for phase field fracture and damage
Dorothee Knees (University of Kassel)
We consider time-discrete evolutions for a phase field model for fracture and damage obtained
by alternate minimization schemes. Their time-continuous limit will be characterized in terms
of parametrized BV-evolutions, introducing a suitable family of "intrinsic energy norms". The
obtained solution will be compared with other notions of solutions for rate-independent pro-
cesses. This is joint work with M. Negri (Pavia).
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10.03.2016 14:30 Alexander Mielke Pockelsstrasse 11/Haus der Wissenschaft, Raum
PK11.2
Microstructure evolution via relaxation for a rate-independent elastic two-phase model
Alexander Mielke (Weierstraß-Institut für Angewandte Analysis und Stochastik)
Based on [HeM15] we revisit the two-well model for phase transformation in a linearly elastic
body introduced and studied in [MTL02]. This energetic rate-independent model is posed
in terms of the elastic displacement and an internal variable that gives the phase portion of
the second phase as state variables. The evolution is driven by an energy functional E and a
dissipation distance D .
Use a new approach based on mutual recovery sequences, which are adjusted to a suitable
energy increment plus the associated dissipated energy, we are enable us to justify the weak-
limit passage despite the fact that this model does not have any internal material length scale,
and hence no obvious compactness.
In [HeM15] we give three distinct constructions of mutual recovery sequences which allow us
(i) to generalize the existence result in [MTL02], (ii) to establish the convergence of suitable
numerical approximations via space-time discretization, and (iii) to perform the evolutionary
relaxation from the pure-state model to the relaxed mixture model.
These results rely on the general relaxation theory for rate-independent systems [MRS08,
MiR15], but applied in the context of weak convergence, where we use suitable lamination
constructions and exploit the H-measure as an essential tool.
References
[HeM15] S. HEINZ and A. MIELKE. Existence, numerical convergence, and evolutionary
relaxation for a rate-independent phase-transformation model. Phil. Trans. Royal Soc. A,
2015. To appear. WIAS Preprint 2163.
[MiR15] A. MIELKE and T. ROUBÍCˇEK. Rate-Independent Systems: Theory and Applica-
tion. Applied Mathematical Sciences, Vol. 193. Springer-Verlag New York, 2015.
[MRS08] A. MIELKE, T. ROUBÍCˇEK, and U. STEFANELLI. Γ-limits and relaxations for
rate-independent evolutionary problems. Calc. Var. Part. Diff. Eqns., 31, 387–416, 2008.
[MTL02] A. MIELKE, F. THEIL, and V. I. LEVITAS. A variational formulation of rate–
independent phase transformations using an extremum principle. Arch. Rational Mech.
Anal., 162, 137–177, 2002.
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10.03.2016 14:50 Arne Roggensack Pockelsstrasse 11/Haus der Wissenschaft, Raum
PK11.2
Analysis of the Cahn-Hilliard reaction system including a rate-dependent damage pro-
cess
Arne Roggensack (Weierstrass Institute)
Lithium-ion batteries belong to the most promising modern technologies to store energy. Dur-
ing the charging or discharging process, the electrodes of the batteries undergo large deforma-
tions which can often lead to cracks or damages in the material and which reduces the life span
of the batteries. In recent years, a phase field model, the Cahn-Hilliard reaction system, was
proposed to describe the behavior of the electrode material of lithium-ion batteries. The main
novelty of the model is the chemical active boundary condition describing lithium intercala-
tion effects at the electrolyte-electrode interface. These effects are modeled by a non-linear
Newton boundary condition for the chemical potential. This system can be coupled with a
rate-dependent differential inclusion to take also the damage process into account. In this talk,
we present the model and discuss the existence of weak solutions for the equations. From the
analytical point of view, the additional boundary condition is already difficult to handle for
the uncoupled Cahn-Hilliard reaction system itself since the system is not mass conserving
anymore and thus it cannot be written as a linear H−1 gradient flow. Nevertheless, using tools
from the field of convex analysis we will show the existence of weak solutions for the whole
system by establishing a non-linear gradient flow which respects the non-linear boundary con-
dition.
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10.03.2016 15:10 Manuel Friedrich Pockelsstrasse 11/Haus der Wissenschaft, Raum
PK11.2
A derivation of linearized Griffith energies from nonlinear models in fracture mechanics
Manuel Friedrich (University of Vienna)
We derive Griffith functionals in the framework of linearized elasticity from nonlinear and
frame indifferent energies via Gamma-convergence. The convergence is given in terms of
rescaled configurations measuring the displacement of the deformations from piecewise rigid
motions which are constant on each connected component of the cracked body.
A key ingredient to establish a compactness result is a quantitative geometric rigidity result
for special functions of bounded deformation (SBD). This estimate generalizes the result by
Friesecke, James, Müller in nonlinear elasticity theory and the piecewise rigidiy result by
Chambolle, Giacomini, Ponsiglione for SBV functions which do not store elastic energy.
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10.03.2016 17:00 Julian Braun Pockelsstrasse 11/Haus der Wissenschaft, Raum PK11.2
Connecting Atomistic and Continuum Models of Nonlinear Elastodynamics
Julian Braun (University Augsburg)
In my talk I will discuss how models of atomic interactions and continuum nonlinear elasticity
are connected by the Cauchy-Born rule in a crystalline solid. More precisely, I will look at
the equations of elastodynamics under Dirichlet boundary conditions. I will present a result
on the existence of solutions to the atomistic problem and their convergence to a solution of
the corresponding continuum model as the interatomic distances tend to zero. This includes a
result on long time existence.
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10.03.2016 17:20 Martin Jesenko Pockelsstrasse 11/Haus der Wissenschaft, Raum PK11.2
Homogenization in the Hencky plasticity setting
Martin Jesenko (Universität Augsburg)
In Hencky plasticity the energy is given by
F(u) =
∫
Ω
ϕ(∇symu(x)) dx
where
ϕ(X) = ϕdev(Xdev)+ κ2 (trX)
2.
The deviatoric part is determined by its Legendre conjugate
ϕ∗dev(σdev) =
{ 1
4µ |σdev|2, σdev ∈ Kdev
∞, σdev 6∈ Kdev,
where the convex set K is the elastic region. More on this, e.g., in [1] or [2], where also results
on its relaxation may be found. More generally, we may suppose that the energy density just
satisfies the growth condition
α(|Xdev|+ |trX |2)−β ≤ ϕ(X)≤ β (1+ |Xdev|+ |trX |2).
In the case of fine mixtures, we additionally have an x-dependence of the density and we may
consider to homogenize the problem. For the case of convex densities this was covered in [3].
We will consider the case without the convexity assumption and look into the connection with
hardening effects. The appropriate spaces will consist of funtions of bounded deformation
with additional regularity on the divergence. By adapting the known techniques we approach
the problem of determining the upper and lower Γ-limits and the corresponding density.
This is a joint work with Bernd Schmidt (Universität Augsburg).
References
[1] Attouch, H.; Buttazzo, G.; Michaille, G. Variational analysis in Sobolev and BV spaces.
Applications to PDEs and optimization.
[2] Braides, A.; Defranceschi, A.; Vitali, E. A relaxation approach to Hencky’s plasticity.
Appl. Math. Optim. 35 (1997), no. 1, 45-68.
[3] Demengel, F.; Qi, T. Convex function of a measure obtained by homogenization. SIAM
J. Math. Anal. 21 (1990), no. 2, 409-435.
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10.03.2016 17:40 Mathias Schäffner Pockelsstrasse 11/Haus der Wissenschaft, Raum
PK11.2
Homogenization of Discrete Systems with Degenerated Growth
Mathias Schäffner (TU Dresden), Stefan Neukamm (TU Dresden), Anja Schlömerkemper
(University of Wuerzburg)
We consider lattice systems with random interactions between the lattice points. We assume
that the interaction potentials satisfy polynomial growth conditions which are degenerated and
are given in terms of certain weight functions. We show that under suitable integrability as-
sumptions for the weight functions and stationarity/ergodicity assumptions for the interaction
potentials the discrete energy Γ-converges almost surely to a deterministic and homogenous
integral functional.
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10.03.2016 18:00 Steffen Gilg Pockelsstrasse 11/Haus der Wissenschaft, Raum PK11.2
Validity of the NLS approximation for periodic quantum graphs
Steffen Gilg (Universität Stuttgart)
We consider a nonlinear Schrödinger (NLS) equation on a spatially extended periodic quan-
tum graph. With a multiple scaling expansion, an effective amplitude equation can be derived
in order to describe slow modulations in time and space of an underlying temporarily and
spatially oscillating wave packet. Using Bloch wave analysis and Gronwall’s inequality, we
estimate the distance between the macroscopic approximation which is obtained via the am-
plitude equation and true solutions of the NLS equation on the periodic quantum graph.
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10.03.2016 18:20 Martin Hoepker Pockelsstrasse 11/Haus der Wissenschaft, Raum
PK11.2
A Phase-Field Model for Phase Transitions in Porous Media
Martin Hoepker (University of Bremen)
A wide range of phenomena, like frost-attack on concrete or release of greenhouse gases from
melting permafrost soil, lead to the problem of modeling the phase change between water and
ice in porous media. A classical model for the phase change is given by the Stefan-Problem,
which can be approximated by - mathematically more accessible - phase-field equations (cf.
[1]).
In this talk, we present a phase-field model on the pore scale of a porous medium, where both
the pore space and the solid matrix may be connected.
The existence and uniqueness of weak microscopic solutions is established by time-discretization,
based on maximal monotonicity methods.
New extension operators for Sobolev spaces on periodic domains (cf. [2],[3]) are applied to
derive scale-independent a-priori estimates for the solutions.
The extension operators are then, in combination with the method of two-scale convergence,
applied to rigorously derive an effective phase-field model which contains the microscopic
effects and can effectively be treated numerically.
References
[1] Caginalp, G., An analysis of a phase field model of a free boundary, Archive for Rational
Mechanics and Analysis 92 (1986), pp. 205-245.
[2] Höpker, M. and Böhm, M., A note on the existence of extension operators for Sobolev
spaces on periodic domains, Comptes Rendus Mathematique 352 (2014), pp. 807-810.
[3] Höpker, M. and Böhm, M., On the Existence of Boundary-Value-Respecting Extension
Operators for Sobolev Spaces on Periodic Domains, submitted for publication (2015).
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10.03.2016 18:40 Peter Gladbach Pockelsstrasse 11/Haus der Wissenschaft, Raum PK11.2
Interactions between dislocations on different slip planes
Peter Gladbach (Uni Bonn)
We consider a variational phase-field model of dislocations localized on a number of slip
planes. The dislocations will interact trough their induced elastic stresses.
In the limit for small lattice spacing, we obtain a line-tension energy on the dislocation network
featuring an interpolation between the short-range and long-range elastic energies, leading to
complex two-scale microstructures.
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11.03.2016 08:30 Stephan Brumme Altgebäude (Schleinitzstrasse), Raum SN19.4
Application of the Homogeneous Formalism for Analyzing Systems with Variable Mass
Stephan Brumme (Technische Universität Braunschweig), Georg-Peter Ostermeyer (Technis-
che Universität Braunschweig)
In this paper, discrete systems with variable mass and finite degrees of freedom are analyzed
through special time and energy transformations. These are carried out in the domain of the
extended phase space which is also known as the homogeneous formalism. Although the
problem of systems with variable mass has been a topic in theoretical and applied mechan-
ics for many decades, in recent years a growing number of works in this field have emerged.
Many of these works are based on the explicit calculation of the mass varying terms using
D’Alembert’s principle. In contrast to this, we will show the potential of applying the homo-
geneous formalism and highlight the advantages of this method.
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11.03.2016 08:50 Sara Grundel Altgebäude (Schleinitzstrasse), Raum SN19.4
Stability of Systems Arising in Gas Network Simulation
Sara Grundel (MPI Magdeburg), Sarah Roggendorf ()
Simulation of gas flow in large-scale pipeline networks is an active field of research with many
open mathematical problems. We consider stability properties of space discretized systems.
We investigate scaling issues for the physical properties and discuss the properties starting
from a simple pipe to an arbitrary network of pipes.
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11.03.2016 09:10 René Goertz Altgebäude (Schleinitzstrasse), Raum SN19.4
On Hahn polynomial expansion of a continuous function of bounded variation
René Goertz (Uni Hildesheim)
We consider the expansion of a continuous function of bounded variation in terms of Hahn
polynomials. The Hahn polynomials Qk ≡ Qk (·;α,β ,N) are classical discrete orthogonal
polynomials on the Intervall I = [0,N] of degree k. They are orthogonal on I with respect to
the inner product
〈 f ,g〉ω :=
N
∑
i=0
f (i)g(i)ω(i). (1)
ω is the weight-function given by
ω(x) :=
(
α+ x
x
)(
β +N− x
N− x
)
. (2)
The following limit relation between the Hahn polynomials and the Jacobi polynomials Pk ≡
Pα,βk is well-known.
lim
N→∞
(−1)k
(
k+α
k
)
Qk
(
N
2
(1+ x);α,β ,N
)
= Pβ ,αk (x), (3)
for x∈ [−1,1]. Furthermore the Jacobi Polynomials are orthogonal on the Intervall I = [−1,1]
with respect to the inner product
( f ,g)ρ :=
∫ 1
−1
f (x)g(x)ρ(x)dx, (4)
where
ρ(x) := (1− x)α(1+ x)β (5)
is the weight-function. In this talk we will present the following result:
Let α ≥ 0 and let for N ∈ N
n(α,N) :=
1
2
−α+ 1
2
√
(2α+1)(2α+2N+1). (6)
Then, for all u ∈ C [−1,1]∩BV [−1,1] holds∣∣∣∣∣u(x)− n∑k=0 〈u,Qk〉ω〈Qk,Qk〉ωQk
(
N
2
(1+ x)
)∣∣∣∣∣≤
∣∣∣∣∣u(x)− n∑k=0
(u,Pk)ρ
(Pk,Pk)ρ
Pk(x)
∣∣∣∣∣+O
(
n3+α+max{1,α}
N
)
,
(7)
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11.03.2016 08:30 Dierk Schleicher Pockelsstrasse 11/Haus der Wissenschaft, Raum
PK11.2
Root finding of polynomials, complex analysis, geometry, and dynamics
Dierk Schleicher (Jacobs University)
For the classical problem of finding roots of complex polynomials, numerous numerical schemes
have been developed. These include an algorithm with proven near-optimal complexity that,
however, is not feasible to use in practice (by Pan); then there are methods that in practice
seem to work reliably and fast but are lacking theory (such as the Aberth-Ehrlich method that
is the basis for the MPSOLVE implementation).
We describe work is on the classical Newton iteration method z 7→ z− p(z)/p′(z) for a poly-
nomial p. Newton’s method is well known to converge quickly once approximate roots have
been found, but its global dynamics has a reputation of being difficult to understand.
We demonstrate that Newton’s method combines good theory and efficient practical aspects:
we show that one can expect to find all roots of a degree d polynomial with complexity at
most O(d2) (up to polylog-factors), and we show that in practice Newton’s method makes it
possible to find all roots of polynomials of degrees as high as several millions. In certain cases,
the complexity scales only with O(d), again up to polylog-factors, and finding all roots has
been signficiantly even than MPSOLVE for a family of their demo polynomials, for degrees
several million.
Newton maps are also particularly well suited for a theoretical study as dynamical systems.
For instance, Smale observed in the 1970’s that there are polynomials for which Newton’s
method fails to converge on open sets of starting points (even as simple as z3− 2z+ 2), and
asked for a general theory of such polynomials. We present a general classification of Newton
maps as dynamical system based on Thurston’s characterization of postcritically finite rational
maps; this is so far the largest known family of rational maps for which such a classification
is possible. We show that this yields answers to Smale’s question.
These results include joint work with John Hubbard, Russell Lodge, Yauhen Mikulich, Jo-
hannes Rückert, Simon Schmitt, Robin Stoll, and Scott Sutherland.
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11.03.2016 09:10 Karo Disser Pockelsstrasse 11/Haus der Wissenschaft, Raum PK11.2
Convergence for gradient systems of slow and fast chemical reactions
Karo Disser (WIAS Berlin), Matthias Liero (), Jonathan Zinsl ()
This is a joint work with Matthias Liero (WIAS Berlin) and Jonathan Zinsl (TU München)
We prove effective limit equations for systems of ODEs describing reversible chemical reac-
tions on different time scales. The limit dynamics of some reactions taking place at an infinite
rate can be considered either as a lower-dimensional system of ODEs or as a full system in-
cluding an algebraic constraint. In particular, we show that the entropic gradient structure
of these systems carries over to the limit, in the sense that the constraint is enforced by a
pseudometric on the state space.
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08.03.2016 08:30 Hermann Matthies Rebenring 58, Raum RR58.1
Bayesian updating algorithms which map random variables
Hermann Matthies (TU Braunschweig, Institut für Wissenschaftliches Rechnen)
Bayes´s theorem, when applied to some random variable, only gives a distributional infor-
mation for the posterior, but in many situations a new random variable with the posterior
distribution is required. It is typically not possible to construct such a random variable ex-
actly, and here several approximations are discussed. They lead to so-called filter algoritms,
and the convergence of the approximation algorithms is investigated. The basic instrument
is the possibility to compute and match conditional expectations of various functionals of the
posterior random variable.
1219

08.03.2016 08:50 Noemi Friedman Rebenring 58, Raum RR58.1
Bayesian update of the coeffficents of a model of turbulent flow through porous media
Noemi Friedman (TU Braunschweig), Pradeep Kumar (TU Braunschweig), Elmar Zander
(TU Braunschweig), Joachim Rang (), Hermann G. Matthies (TU Braunschweig)
In this contribution a novel turbulent flow model over porous media with a volume and Reynolds
averaged Navier-Stokes equations approach is concerned. The model was developed to be able
to analyse noise reduction effect of applying porous material on the trailing edge of the air-
foil of a new high lift configuration aircraft model. The model uses JHh-v2 Reynolds-stress
turbulence model of Jakirlíc and Hanjalíc, the terms in porous media are based on Darcy and
Forchheimer term. The main focus of this contribution is to improve the model coefficients
starting from expert prior knowledge by incorporating DNS data of the velocity field and the
Reynold stresses. Here the focus is mainly on analysing sensitivities of the model to varia-
tions of the model coefficients, and on the update process using a general polynomial chaos
expansion based Bayesian inversion.
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08.03.2016 09:10 Hans-Georg Zimmermann Rebenring 58, Raum RR58.1
System Identification and Forecasting with Recurrent neural Networks
Hans-Georg Zimmermann (Siemens AG, Corporate Technology)
Recurrent Neural Networks are basically discrete time state space models. They are appro-
priate to analyze dynamical systems for which the equations are unknown. The framework
allows high dimensional nonlinear models, depending on a priori assumptions and data to fit
the parameters. The talk will focus on the transfer of basic principles into a neural network
architecture. The use of such a model in forecasting is obviously a test for the validity of
the identification. Unfortunately in large systems you will never end up with a unique model
(caused by a variety of different reconstructions of the underlying hidden variables). This al-
lows us a new insights into the estimation of the forecast uncertainty. In Siemens, we use such
models since nearly 20 years in forecasting, diagnosis and control.
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08.03.2016 17:00 Maxime Koebelé-Cousquer Rebenring 58, Raum RR58.1
Geometric Uncertainties in Finite Element Models of Mistuned Bladed Disks
Maxime Koebelé-Cousquer (KIT Karlsruhe), Carsten Proppe (KIT Karlsruhe)
Bladed disks are typically designed to have identical blades. However, small variations in the
structural properties of invidual blades inevitably arise during blade manufacturing. These
variations break the cyclic periodicity of the disk and are referred to as mistuning. Mistuning
receives much attention in the research community, because it can lead to a significant increase
of the maximum vibratory stress in the bladed disk. Different methods using finite element
models of bladed disks were developped in order to compute the statistics of the maximum
amplitude of blade vibration, thus taking into account the random nature of mistuning. Sinha
has recently developed the MMDA method, which allows to consider directly geometric mis-
tuning via random variations in geometries of blades. Here the nodal coordinates vector w of
each blade is described as a random linear combination of geometric features:
w= w0 +
p
∑
i=1
ξivi
where w0 corresponds to the mean geometry, ξi are standard normal random variables and the
geometric features vi can be obtained from the proper orthogonal decomposition of coordinate
measurement machine data on blade geometries. This allows a more realistic quantification
of geometric uncertainties. In this case, the stochastic dimension of the problem will be ns · p
(with ns the number of blades) and may be very large. Monte Carlo simulation can then be per-
formed using a reduced-order model in order to minimize the computational costs. Although
the Monte Carlo simulation is not directly affected by the stochastic dimension, the computa-
tional cost of construction and the size of the reduced-order model depend on the stochastic
dimension. It may therefore be necessary to reduce the information contained in the above
modelisation of geometric variations. Classical truncation of the decomposition may not be
adapted here, as the maximum amplitude of blade vibration often shows a maximum for small
mistuning.
In this work, we first decompose the random nodal coordinates vector w into an independent
set of harmonic components associated to the 2-dimensional spatial Discrete Fourier Trans-
formation along the mesh grid of the blade surface. The coefficients of this decomposition
are random. Several geometric mistuning situations can be simulated here by choice of the
harmonic amplitudes and then, the sensitivity of the maximal amplitude of blade vibration to
the different geometric features can be analyzed.
After that, we are trying to develop an adaptative strategy in order to minimize the compu-
tational cost of a reduced-order model based on the polynomial chaos approximation of the
cyclic modes of a bladed disk with all blades having the same random geometry. The idea is to
use a sparse polynomial chaos expansion based on an adaptative regression-based algorithm,
which only selects the significant coefficents of the PC expansion.
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08.03.2016 17:20 Bojana Rosic Rebenring 58, Raum RR58.1
Challenges in using polynomial chaos approximations for description of elastoplastic
material responses
Bojana Rosic (TU Braunschweig), Hermann G. Matthies (TU Braunschweig)
Irreversible and work-dissipating elastoplastic phenomena are very often of heteregeneous na-
ture and characterised by uncertanties present at the micro-level. Additionaly, elastoplastic
materials are often subjected to not fully known external excitiations or constraints. Due to
this reason, deterministic material models such as von Mises and Drucker-Prager have to be
improved by adding aleatoric and epistemic uncertanties into account. However, the proba-
bilistic modelling of materials brings new difficulities to the problem such as computational
cost. Uncertainty quantification of structural response by very well known Monte Carlo-like
methods is shown to be impractical as most of engineering problems are known to be large-
scaled. In this talk sampling kind of approaches are combined with the polynomial chaos
approximation algorithms in order to try to break the curse of dimensionality.
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08.03.2016 17:40 Muhammad Sadiq Sarfaraz Rebenring 58, Raum RR58.1
Stochastic Upscaling of heterogeneous materials
Muhammad Sadiq Sarfaraz (TU Braunschweig), Bojana Rosic´ (TU Braunschweig), Her-
mann G Matthies (TU Braunschweig)
Many materials of practical interest e.g concrete exhibit randomness in their response due to
uncertain heterogeneous micro-structure. To get a realistic macro-scale response representa-
tive of the material micro-scale, one has to take into account the inherent stochastic nature
of the micro-scale. We propose a probabilistic strategy to upscale the material randomness
from micro to macro-scale. To implement this idea in a numerical framework, we consider
the macro and micro scales as stochastic where the material uncertainties are described by
Karhunen-Loève and polynomial chaos expansions.Examples are shown to demonstrate the
applicability of proposed strategy.
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08.03.2016 18:00 Roland Pulch Rebenring 58, Raum RR58.1
Spectral methods for an analysis of linear dynamical systems with uncertain parame-
ters
Roland Pulch (Ernst-Moritz-Arndt-Universität Greifswald)
We consider linear dynamical systems, where quantities of interest are defined as outputs. The
dynamical systems include physical parameters, which often exhibit uncertainties due to mea-
surement errors or imperfections of an industrial production, for example. We substitute the
parameters by random variables with independent probability distributions to achieve an un-
certainty quantification. Thus the quantities of interest become a random process. In a spectral
method, the random process is expanded into a series with time-dependent coefficient func-
tions and orthogonal basis functions depending on the random parameters. Often orthogonal
polynomials are applied following the concept of the polynomial chaos expansions. Either a
stochastic Galerkin method or a stochastic collocation technique yields approximations of the
unknown coefficients in a truncated expansion. In both cases, the coefficients can be inter-
preted as the output of a single larger linear dynamical system. The dimension of this output
becomes high already for moderate numbers of random parameters.
In this stochastic model, we analyse the quantities of interest by an investigation of the output
of the larger system. For this purpose, the transfer function of the linear dynamical system
is considered in the frequency domain. The aim is to identify a sufficiently accurate sparse
representation of the quantities of interest, where most of the coefficient functions are identical
to zero. Furthermore, a potential for model order reduction of the high-dimensional problem
appears. We present results of numerical simulations for a test example.
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08.03.2016 18:20 Alex Dridger Rebenring 58, Raum RR58.1
Linear elastic Fuzzy Finite Element Method with two fuzzy input parameters
Alex Dridger (Universität Paderborn), Ismail Caylak (Universität Paderborn), Rolf Mahnken
(Universität Paderborn)
In many physics and engineering applications solvers like the finite element method (FEM)
are commonly used to treat problems described by partial differential equations (PDEs). Com-
monly, a deterministic data model is applied. Technically, most applications cannot be de-
scribed by precise mathematical terms because of their complexity caused by uncertainties.
These uncertainties may arise from imprecise, linguistic, incomplete or statistical proper-
ties. The last one may be described with the probability theory, where others have to be
described with the fuzzy set theory [1]. This work aims at developing a fuzzy finite element
method (FFEM) in order to characterize the non-statistical properties. In this context, the
non-statistical uncertainties are referred to as “fuzziness” and the concept of “possibility” [2]
in contrast of “probability” is applied. The basics of fuzzy set theory as well as the govern-
ing equations of elasticity including the variational formulation will be presented. After that,
a linear elastic body with the fuzzy material parameters Young’s modulus E and Poisson’s
ratio ν is studied. To this end, these parameters are represented by fuzzy numbers respec-
tively membership functions generated from scarce experimental data. The main objective is
the determination of the two missing fuzzy parameters shear modulus G and bulk modulus
K as well as the numerical computation of the solution under the consideration of the inter-
action between these fuzzy parameters using FFEM. Computational approach involving the
α-discretization technique [1] is used to reduce the fuzzy arithmetic based FEM to interval
arithmetic based FEM. Finally, our method is applied in a numerical example for a plate with
a ring hole.
[1] B. Moeller and M. Beer, Fuzzy Randomness - Uncertainty in Civil Engineering and
Computational Mechanics. Springer, 2004
[2] D. Dubois and H. Prade, Fuzzy sets and statistical data. European Journal of Operation
Research 25 (1986), 345 – 356
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08.03.2016 18:40 Eduard Penner Rebenring 58, Raum RR58.1
SFEM for rubber-like materials at large deformations
Eduard Penner (Paderborn University), Ismail Caylak (Paderborn University), Alex Dridger
(Paderborn University), Rolf Mahnken (Paderborn University)
In many engineering applications the materials, e.g. polymers and adhesives, are heteroge-
neous.This heterogeneity leads often to uncertainty in the material propertiesand to uncertainty
in the mechanical response. Therefore,macroscopically heterogeneous polymers should be
modelled by astochastic approach instead a deterministic approach.This contribution presents
a nonlinear elastic stochastic finite element method (SFEM)at large deformations. Mostly used
SFEMs are Monte Carlo (MC), Galerkin andpolynomial chaos expansion (PCE) as presented
in [1] for smalldeformation problems.The key idea of our contribution is to consider the uncer-
tainity in polymers byrandom material parameters, which are modeled as stochastic fields.For
this reason, 150 specimens for three different rubber materialsare experimental investigated
in tensile tests. Then, based on theexperimental results using an ARMA process [2], a high
amount ofartificial data are generated. The artificial data were then used for parameter iden-
tification of an Ogden material model for rubber materials including a statistical analysis of
material parameters and their correlations.The elastic material parameters are stochastic fields
and are expanded with the PCE.Furthermore, in the context of nonlinear elastic problems the
stresses and thematerial tangent, respectively, are functions of stochastic variables. Thecol-
lacation method is used in order to calculate the PC coefficients of functions.As a numerical
example we consider the static problem for uniaxial tensionof the rectangular plate.This prob-
lem is investigated under a plane stress state in order to represent exactly the experimental
setup conditions.For the material description the non-linearelastic material model of Ogden is
used. Results of the deterministic solution and the influenceof the distribution of the material
parameters are presented.
[1] R. G. Ghanem and P. D. Spanos. Stochastic Finite Elements: A Spectral Approach.Springer-
Verlag, New York, (1991)
[2] N. Nörenberg and R. Mahnken, A stochastic model for parameter identification of adhesive
materials. Arch. Appl. Mech. 83 (2013), 367 - 378
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09.03.2016 08:30 Christoph Trautwein Rebenring 58, Raum RR58.1
Optimal Control of a Stochastic Heat Equation Driven by Q-Wiener Processes
Christoph Trautwein (Max Planck Institute for Dynamics of Complex Technical Systems),
Peter Benner (Max Planck Institute for Dynamics of Complex Technical Systems)
We consider a control problem for the stochastic heat equation with Neumann boundary condi-
tion, where controls and noise terms are defined inside the domain as well as on the boundary.
The noise terms are given by independent Q-Wiener processes. Under some assumptions, we
derive necessary and sufficient optimality conditions stochastic controls have to satisfy. Using
these optimality conditions, we establish explicit formulas with the result that stochastic opti-
mal controls are given by feedback controls. This is an important conclusion to ensure that the
controls are adapted to a certain filtration. Therefore, the state is an adapted process as well.
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09.03.2016 08:50 Felix Ospald Rebenring 58, Raum RR58.1
Optimal Experimental Design to Identify the Average Stress-Strain Response in Short
Fiber-Reinforced Plastics
Felix Ospald (TU Chemnitz), Roland Herzog (TU Chemnitz)
Today there exists a huge demand for technology for the mass production of fiber reinforced
composites. Especially in automotive industries the injection molding of short fiber reinforced
plastics (SFRP) is a quite popular method, providing high stiffness levels on one hand while
being moldable into complex shapes on the other hand.
Due to the high cost of mold production and injection molding machines, nowadays lots of
research is done to improve models and to develop software for the simulation of this process.
This allows to detect problems with the mold design and optimization of the part performance
and quality at an early stage of the development.
These simulations however rely on a huge number of parameters. Important quantities such
as melt viscosity, thermal expansion & conductivity and stiffness of the solidified material
show directional anisotropy depending on the fiber orientation. Further more the quantities
also depend on the local fiber concentration and length distribution.
Homogenization-methods are often used for the simulation-based identification of such mate-
rial parameters. These methods perform high-fidelity simulations on a so called representative
volume element (RVE), which is a small imaginable cube of the part, resolving a representative
number of randomly generated fibers such that they match to the equivalent local statistical
quantities (length and orientation distribution) and concentration. The parameters are then
identified such that the macroscopic model approximates the RVE-averaged response of the
microscopic model in a least squares sense. However, due to the statistical nature of the fiber
orientations and numerical discretization errors, the identified parameters obey also statistical
variations.
This talk is concerned with the identification of stiffness parameters for linear SFRP materials
using an optimal experimental design approach for the computer simulations. Goal is to use
the least number of RVE simulations and that the model response attains a minimal variance
for arbitrary strains and fiber orientations. For simplicity we restrict our selves to a fixed
fiber concentration and the case where only one fiber length is present. Our results can be
carried over to anisotropic viscosity, thermal expansion & conductivity and structural similar
problems.
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09.03.2016 09:10 Heiko Schmidt Rebenring 58, Raum RR58.1
Map-based stochastic turbulence modeling
Heiko Schmidt (BTU Cottbus-Senftenberg)
Direct numerical simulation (DNS) can investigate fundamental problems in fluid mechan-
ics since it solves the governing equations without further assumptions. Novel alternatives
are stochastic approaches like the one-dimensional-turbulence model (ODT) [1] and multi-
dimensional Eulerian (e.g. ODTLES) and Lagrangian extensions that incorporate ODT-type
models [2, 3, 4]. The ability to resolve molecular processes (as DNS) distinguishes ODT and
ODTLES from techniques such as large eddy simulation (LES). The ODTLES model turns
into a DNS or into a stand-alone ODT in the respective distinguished limit. In the talk we il-
lustrate the potential of these stochastic approaches by comparing various results against DNS
and experiments, see e.g. [4, 5, 6, 7, 8].
REFERENCES
[1] Kerstein, A. R., One-dimensional turbulence: model formulation and application to ho-
mogeneous turbulence, shear flows, and buoyant stratified flows. J. Fluid Mech., 392,
277-334, 1999
[2] Schmidt, H. and Klein, R. (2003). A generalized level-set/in-cell-reconstruction ap-
proach for accelerating turbulent premixed flames, Combustion Theory and Modelling,
7, 243-267
[3] Gonzalez-Juez, E. D., Schmidt, R. C., Kerstein, A. R., ODTLES simulation of wall-
bounded turbulent flows, Physics of Fluids, 23, 125102, 2011
[4] Glawe, C., Gonzalez-Juez, E. D., Schmidt, H., Kerstein, A.R., ODTLES simulations
of turbulent flows through heated channels and ducts, 8th International Symposium on
Turbulence and Shear Flow Phenomena, Poitiers, France, 2013
[5] F. Schulz, C. Glawe, H. Schmidt, A. R. Kerstein, Toward modeling of CO2 multi-phase
flow patterns using a stochastic multi-scale approach, Environmental Earth Sciences, 70,
3739–3748, 2013
[6] Schmidt, H., Kerstein, A.R., Nédélec, R., Wunsch, S., Sayler, B. J. (2013). Numerical
simulation of a laboratory analog of radiatively induced cloud-top entrainment, Theoret-
ical and Computational Fluid Dynamics, 27, 377-395
[7] Z. Jozefik, A. R. Kerstein, H. Schmidt, S. Lyra, H. Kolla, J. H. Chen (2015). One-
dimensional turbulence modeling of a turbulent counterflow flame with comparison to
DNS, Combustion and Flame, 62, 2999-3015
[8] Z. Jozefik, A. R. Kerstein, H. Schmidt, (2015). Simulation of shock-turbulence interac-
tion in non-reactive flow and in turbulent deflagration and detonation regimes using one-
dimensional turbulence, Combustion and Flame, 10.1016/j.combustflame.2015.10.035
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08.03.2016 08:30 Halyna Yarmola Audimax
Combined Newton-Kurchatov Method for Solving Nonlinear Operator Equations
Halyna Yarmola (Ivan Franko National University of Lviv), Roman Iakymchuk (KTH Royal
Institute of Technology), Stepan Shakhno (Ivan Franko National University of Lviv)
In this paper, we address the problem of finding an approximate solution of a nonlinear equa-
tion
H(x)≡ F(x)+G(x) = 0, (1)
where F is a Fréchet differentiable operator and G is a continuous operator. Both operators are
defined on a convex subset D of a Banach space X with their values in a Banach space Y .
For solving the problem (1), we proposed in [3] the two-point iterative process
xn+1 = xn− [F ′(xn)+δG(2xn− xn−1;xn−1)]−1H(xn), n = 0,1, . . . . (2)
This iterative process is built on the Newton method [1] and the Kurchatov method [2, 4] of
linear interpolation. We studied the semi-local convergence of the method (2) and showed that
its convergence order is (1+
√
5)/2≈ 1.618 . . . , which is lower than the convergence order of
the underlying methods.
In this work, we extend our studies to the local convergence of the method (2) under the
classical and generalized Lipschitz conditions for the first-order derivatives of the operator
F and both the first- and second-order divided differences of the operator G. In addition,
we investigate the semi-local convergence of the method (2) under the classical Lipschitz
conditions and determine its radius of the convergence ball and the quadratic convergence
order. Furthermore, the uniqueness ball of the solution of nonlinear equation (1) is found. To
illustrate the behavior of the combined Newton-Kurchatov method (2), we carry out a set of
test examples with a non-differentiable operator.
References
[1] J. M. Dennis and R. B. Schnabel. Numerical Methods for Unconstrained Optimization
and Nonlinear Equations. Prentice-Hall, New York, 1983.
[2] V. A. Kurchatov. On a method of linear interpolation for the solution of functional equa-
tions. Dokl. Akad. Nauk SSSR 198(3), (1971), 524-526 (in Russian); translation in Soviet
Math. Dokl. 12, (1971), 835-838.
[3] S. Shakhno and H. Yarmola. Two-point method for solving nonlinear equations with non-
differentiable operator, Matematychni Studii. 36, (2010), 213–220.
[4] S. Shakhno. Kurchatov method of linear interpolation under the generalized Lipschitz
conditions for the first- and second-order divided differences. Visnyk of the Lviv Univ.
Series Mech.Math. 77, (2012), 235–242.
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08.03.2016 08:50 Matthew Tam Audimax
Fixed point iterations with Hölder regularity
Matthew Tam (Universität Göttingen)
Many iterative algorithms can be cast as fixed point iterations which can, in general, exhibit
arbitrarily slow convergence. In practice, theoretical guarantees of convergence rates are im-
portant to ensure that the algorithm at hand does not stagnate. Fixed point iterations have often
been analysed using various linear regularity notions and, as the name might suggests, usually
yield linear convergence guarantees. Unfortunately these assumptions are often too restrictive
to be satisfied in practice. In this talk, Hölder-type generalisations of linear regularity for av-
eraged non-expansive operators are introduced and used to guarantee sub-linear convergence
of resulting fixed-point algorithms. The merit of these notions is that they are automatically
satisfied in the convex semi-algebraic setting (i.e., problems described by polynomials), and
hence can by applied to many concrete applications without further analysis.Joint work with
Jonathan Borwein and Guoyin Li.
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08.03.2016 09:10 Bernd Feist Audimax
solution of the suicide substrate kinetics with an O’Malley/Hoppensteadt approxima-
tion of a higher order
Bernd Feist (Universität Bayreuth)
In the literature related to enzym kinetics, two main approaches for the analytically handling
of mathematical models are the equilibrium approximation and the quasi-steady-state approx-
imation. These two, unfortunately, have the grave disadvantage of not being capable of ap-
proximating the exact solution on the whole computing domain.
This is caused by the chemical equations, which are modeled by a system of nonlinear ordinary
differential equations. These depend on a small parameter in such a way that the pertubation is
nonuniform near the initial time. Being more accurate, the basis for an analysis is a nonlinear,
singular perturbed, overdamped initial-value problem.
We propose an alternative approach to approximate the exact solution on the whole computa-
tion domain by introducing a technique especially designed for the considered mathematical
problem: the O’Malley/Hoppensteadt approximation. Furthermore an error estimate is given.
Additionally, we have calculated the O’Malley/Hoppensteadt approximation of a higher order
for the model of the suicide substrate kinetics and our solution is compared to the numerical
one and the quasi-steady-state approximation.
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08.03.2016 17:00 Axel Schumacher Audimax
An efficient optimization method for mechanical shells considering cut-outs
Robert Dienemann (Chair for Optimization of Mechanical Structures, University of Wup-
pertal), Axel Schumacher (Chair for Optimization of Mechanical Structures, University of
Wuppertal), Sierk Fiebig (Volkswagen AG, Braunschweig)
Shell structures are important components of lightweight designs for industrial purposes, for
example as sheet metals in car bodies or parts of a ship’s hull. Shape optimization is exces-
sively used in order to improve the shell’s performance. Thereby the contour of the structure
and the mid surface design can be changed, but the topology is fixed. Topology optimization
can be used to introduce cut-outs into shell structures, but then the mid surface design is fixed.
For all mentioned structural optimization approaches, finite element calculations are used to
calculate the structure response as objective or constraint function. The combined optimiza-
tion of the mid surface design and the topology is not possible with the current approaches.
Therefore our approach combines topology optimization methods for continuum structures
with a manufacturing constraint for deep drawable sheet metals. The algorithm proposed in
[1] is used in order to get exemplary optimized shells. This gradient based approach uses
the homogenization method SIMP (Solid Isotropic Material with Penalization of intermediate
densities). Thereby an artificial density is applied to every element as design variable, whereby
a density near zero represents void, density equal one represents solid material. To ensure the
development of thin-walled structures without undercuts and constant wall thickness, the sen-
sitivities far away from the current mid surface are penalized.
The design space is characterized by using a voxel mesh with a piecewise linear displace-
ment trial function. A fine discretization of the design space is very important, in order to
ensure that a bending stress state can be represented. Therefore at least three voxel elements
over the cross section have to be used. It is common that shells have a ratio of plate size
to thickness of at least 100:1. Using three elements across the thickness, a exemplary shell
consists of 300x300x3=270 000 elements surrounded by a lot more void elements and ele-
ments with intermediate density. The example shown in the contribution consists of up to
14.7 million elements. Our approach neglects the void elements, because they do not have a
mechanical importance. They can be reintroduced to the optimization problem in case they
are in the neighborhood of active elements.
The optimization algorithm can cope with more than a million active design variables, be-
cause the sensitivities can be calculated analytically from the linear finite element results. The
used optimization algorithm is the Method of Moving Asymptotes (MMA). MMA is a convex
approximation scheme considering the convergence history to adjust the curvature of the ap-
proximated objective and constraint functions. The approximations are separable with respect
to the design variables and therefore can be efficiently optimized using a primal-dual solution
method, under the condition that only a few constraints are considered. All parts of the C++-
Code, including the finite element calculation and the optimization algorithm, are parallelized
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08.03.2016 17:20 Christian Boblenz Audimax
Step-size Adaptation in a Multi-objective Differential Evolution Algorithm
Christian Boblenz (Brandenburg University of Technology), Dieter Bestle (Brandenburg Uni-
versity of Technology)
Differential Evolution [1] belongs to the evolutionary global optimization strategies evolving
populations of design points. During each evolution step a selection is made between each
design, called target vector, and its trial vector. The trial vector stems from the difference be-
tween two randomly chosen vectors from the current generation weighted by a scale operator
and added to a randomly chosen base vector. The resulting vector becomes a trial vector by
crossing it over with the target vector. The main advantages of Differential Evolution in com-
parison to other evolutionary algorithms are the gradual step-size adaptation and a directional
bias according to the spread of the actual design population.
Differential Evolution can be succesfully used for both mono- and multi-objective optimiza-
tion. However, in case of multi-objective optimization, where the solution set in the design
space typically covers areas rather than a single or multiple points, the mutation vector doesn’t
automatically decrease in size which deprives the algorithm of the mechanism for automatic
step-size adaptation. In addition, the random selection of the base vector hinders a purposeful
search in regions of interest. In order to tackle these problems, three variants of a new strategy
for step-size adaptation and base vector selection are investigated in this contribution. The
proposed strategies are based on the assumption that there exists a direct correlation between
the distances of different solutions in both design and criterion space. Because of that, both
the difference and base vectors are choosen either from the neighbourhood of the target vector
or neighbourhoods of each other in various combinations.
The proposed selection algorithms are compared with the strategy of a decreasing step-size
over time and MOSADE algorithm [2]. While working on problems with discontinuous Pareto
frontiers the reference algorithms converge very fast on sections that deliver near optimal
solution sets in large areas of the design space however, they lose solution sets that would
have needed more iterations for converging to a non-dominated state. The proposed strategies
preserve these slower converging solution sets during optimization which leads to a better
diversity of solutions.
References
[1] R. Storn and K. Price. Differential Evolution - A simple and efficient adaptive scheme for
global optimization over continious spaces. Journal of Global Optimization, vol. 11, pp.
341-359, 1997.
[2] V.L. Huang, A.K. Qin, P.N. Suganthan and M.F. Tasgetiren. Multi-objective Optimiza-
tion based on Self-adaptive Differential Evolution Algorithm. Proc. of IEEE Congress on
Evolutionary Computation, Singapore, pp. 3601-3608, 2007.
1251

08.03.2016 17:40 Maryam Pazouki Audimax
Artificial Neural Networks for Solving Integral Equations
Maryam Pazouki (Tu Clausthal), Sonia Seyedallaei (CEMAT, University of Lisbon, Portugal),
Dietmar P. F. Möller (Tu Clausthal)
This study investigated the use of artificial neural networks as a framework to solve third-
kind integral equations of the Volterra and Fredholm types. Third kind integral equations
are as a results of a number of important problems in elasticity, neutron transport, particle
scattering. Since these equations usually cannot be solved explicitly, it is going to be obtained
in approximate solutions. There are some numerical methods for approximating solution of
Fredholm-type integral equations of the third- kind but Volterra integral equations of this type
received less attention.
This paper presents efficient learning algorithms for solving integral equations of this type.
The integral equation turns into an unconstrained optimization problem. The trial solution of
the integral equation contains adjustable parameters based on networks configuration. The
learning algorithms are embedded into the networks to train the parameters.
We discuss distinctive features as well as feasibility of this approach and we propose some
extensions. This demonstrates potential for general applicability to any kind of integral equa-
tions. The comparison of our results with well-established numerical approach, collocation
method, will be presented.
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08.03.2016 18:00 Mahmoud Jahjouh Audimax
A modified metaheuristic optimization approach on the structural identification and
damage detection of an experimentally tested wind turbine supporting structure
Mahmoud Jahjouh (Leibniz Universität Hannover), Udo Nackenhorst (Leibniz Universität
Hannover)
Wind turbines have gained an increasing attention over the years motivated by the increasing
number of such devices and their various installation locations and foundation types and the
continuously increasing size and production capabilities. Furthermore, such structures are
subjected to fluctuating wind loads, making them prone to damage, thus requiring frequent
inspection.
The inspection of such wind turbines can prove to be costly and is limited by a variety of
constraints such as weather conditions, which motivates the application of vibration-based
identification techniques that rely on measured vibration response. Thus, this study aims to
present a robust, efficient and versatile vibration-based global structural identification and
damage detection framework based on metaheuristic optimization algorithms.
The framework, called MARSHAL (Modified Adaptive HaRmony SearcH ALgorithm), is
applied on an experimentally tested tripile supporting structure. Both undamaged and dam-
aged cases were considered, in which damage was applied in the form of loosening bolts in a
flange of one of the tripile legs.
Results were satisfying when comparing MARSHAL’s detection performance with that of Ge-
netic Algorithms (GAs). MARSHAL was capable of detecting the presence and location of
damage in the damaged tripile and provide an approximation of the damage severity. Further-
more, MARSHAL did not detect any damage and identified a healthy structure in the case of
the undamaged tripile.
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08.03.2016 18:20 Gebrail Bekdas Audimax
Bat algorithm for optimization of reinforced concrete columns
Gebrail Bekdas (Istanbul University), Sinan Melih Nigdeli (Istanbul University)
In structural mechanics, when the design contains two different materials with opposite me-
chanical behaviours and costs, the optimum design cannot exactly found. In that case, numeri-
cal optimization algorithms are a good source. Reinforced concrete design shows that behav-
iour since concrete is a cheap material comparing to steel while the tensile strength of concrete
is very low to use. The cross sections are effective on the stresses and balance of tensile
and compressive forces. This situation shows the importance of the dimension optimization
of rein-forced concrete members. Also, the number and size of the reinforcements need an
optimization. The place of the reinforcements is effective on the place of tensile forces in
the calculation of axial force and flexural moment capacity. In this paper, reinforced concrete
columns are optimized for the cost minimization by employing a bio-inspired metaheuristic
algorithm called bat algorithm. The idealization of the echolo-cation behaviour of bats is the
inspiration of the bat algorithm. Differently from the algorithms, the bat algorithm uses global
and local optimization with a changeable probability. The optimization process considers the
security measures and slenderness of the according to the design regulation called ACI 318.
The slenderness is taken into consideration by using a magnified design flexural moment,
which is factored by a value defined according to the buck-ling load and axial load of columns.
The proposed approach is applied for different numerical cases and the results are compared
with the approach using harmony search algorithm. The present approach is effective for the
optimization problem.
1257

08.03.2016 18:40 Sinan Melih Nigdeli Audimax
Tuning of mass dampers for preventing brittle fracture by employing teaching learning
based optimization
Sinan Melih Nigdeli (Istanbul University), Gebrail Bekdas (Istanbul University)
In design of reinforced concrete structures, a ductile design is needed, because the brittle frac-
ture is sudden. Also, the energy absorbed by the structure is effective for ductile structures
during earthquake excitations. In design regulations, especially for vertical supporters such as
columns, the shear force and axial force capacity is limited, although the strength of the mem-
bers is not at the limits. For that reason, the shear forces of structures excited by earthquakes
can be reduced by adding a tuned mass damper (TMD), but TMD must be optimized and it
must not be heavy. If the mass of the TMD is not optimized, the ductile behaviour constraint
about the axial force capacity cannot be provided. The compressive strength of the concrete is
a measure for the effective application of a TMD to a reinforced concrete structure. Since the
mass is limited by the design constraint, the other design variables of TMD such as period and
damping ratio are optimized. Using the formulas for frequency and damping ratio related to
a preselected mass may not be sufficient and a precise optimum solution for preventing brittle
fracture. Metaheuristic methods can be used by using a specific limit. In this study, Teaching
Learning Based Optimization (TLBO) is employed to find optimum TMD parameters. Sev-
eral earthquake excitations were used in the optimization process. A three storey RC frame
structures with different compressive strength of concrete is investigated. Three stopping cri-
teria have been used in the proposed methodology. The first criterion is the reduction of the
maximum shear force value for the most critical excitation to the ductile behaviour limit. The
second criterion is the reduction of the ratio of maximum first storey displacements of struc-
ture with and without TMD. This value is reduced under a user defined value, but the user
defined value can be entered as zero. This value can be iteratively increased for minimization.
The last criterion is the reduction of the acceleration transfer function of the structure. The
proposed method is feasible on finding optimum TMD ensuring ductility conditions.
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09.03.2016 08:30 Hieu Thao Nguyen Audimax
On recent development on linear convergence of alternating projections
Hieu Thao Nguyen (Göttingen Universität), Russell Luke (Göttingen Universität)
A wide range of problems in optimization can be cast in the framework of feasibility prob-
lems, which in many circumstances can be efficiently solved by projection algorithms. In this
talk, we on the one hand attempt to clarify relationships amongst various regularity notions
that have been used for establishing linear convergence criteria for the alternating projection
method. On the other hand, we discuss our recent development on the topic in both convex and
nonconvex settings and make appropriate comparisons to known results in the literature.
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09.03.2016 08:50 Russell Luke Audimax
Lagrange Multipliers, (Exact) Regularization and Error Bounds for Monotone Varia-
tional Inequalities
Russell Luke (Universität Göttingen)
We examine two central regularization strategies for monotone variational inequalities, the
first a direct regularization of the operative monotone mapping, and the second via regulariza-
tion of the associated dual gap function. A key link in the relationship between the solution
sets to these various regularized problems is the idea of exact regularization, which, in turn, is
fundamentally associated with the existence of Lagrange multipliers for the regularized vari-
ational inequality. A regularization is said to be exact if a solution to the regularized problem
is a solution to the unregularized problem for all parameters beyond a certain value. The La-
grange multipliers corresponding to a particular regularization of a variational inequality, on
the other hand, are defined via the dual gap function. Our analysis suggests various concep-
tual, iteratively regularized numerical schemes, for which we provide error bounds, and hence
stopping criteria, under the additional assumption that the solution set to the unregularized
problem is what we call weakly sharp of order greater than one.
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09.03.2016 09:10 Alexandra Schwartz Audimax
A Reformulation of Sparse Optimization Problems using Complementarity-type Con-
straints
Alexandra Schwartz (TU Darmstadt), Christian Kanzow (), Oleg Burdakov (), Michal
Cervinka ()
Consider sparse optimization problems, i.e. mathematical programs where part of the objec-
tive is to minimize the number of nonzero entries in the solution vector. We present a continu-
ous reformulation of this noncontinuous part of the objective function using a complementarity-
type of constraints. In this talk, we will discuss the relation between the original and the re-
formulated problem and provide suitable optimality conditions as well as a possible solution
method for the reformulated problem.
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09.03.2016 14:30 Ron Shefi Audimax
A dual method for minimizing a nonsmooth objective over one smooth inequality con-
straint
Ron Shefi (University of Göttingen), Marc Teboulle ()
We consider the class of nondifferentiable convex problems which minimizes a nonsmooth
convex objective over a single smooth constraint. Exploiting the smoothness of the feasible
set and using duality, we introduce a simple first order algorithm proven to globally converge
to an optimal solution with a O(1/ε) efficiency estimate. The performance of the algorithm is
demonstrated by solving large instances of the convex sparse recovery problem.
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09.03.2016 14:50 Andrea Walther Audimax
On Optimality Conditions for Lipschitzian Nonsmooth Functions
Andrea Walther (Universität Paderborn), Andreas Griewank ()
For nonsmooth target functions there is so far only a very limited number of results on optimal-
ity conditions. Here, we consider nonsmooth optimization problems where the nonsmoothness
is caused by univariate piecewise linear elemens like min, max or abs. Then the optimisation
problem can be stated in the so-called abs-normal form yielding a piecewise linear model that
is of second order. We will exploit this representation to derive constructive necessary and
sufficient conditions for local optimality.
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09.03.2016 15:10 Sabrina Fiege Audimax
A Method for the Minimization of Piecewise Smooth Objective Functions
Sabrina Fiege (Universität Paderborn), Andreas Griewank (Yachaytech), Andrea Walther
(Universität Paderborn)
Nonsmoothness is a typical characteristic of numerous target functions. We present an opti-
mization method based on algorithmic or automatic differentiation (AD) for Lipschitz con-
tinuous, piecewise smooth (PS) target functions. Since the nondifferentiabilities are caused
by the occurrence of abs(), max() and min() in many realistic cases, we concentrate on these
functions.
The method’s idea is to locate an optimum of a PS target functions by successive piecewise
linearization and explicit handling of the kink structure in the piecewise linear model. The
piecewise linearization can be generated in its abs-normal-form by minor extension of stan-
dard algorithmic differentiation tools. Further information about the PL and the abs-normal
form can be found in A. Griewank, On stable piecewise linearization and generalized algo-
rithmic differentiation, Optimization Methods and Software, 2013.
The minimization of the piecewise linear model is realized by a bundle type method that
benefits from the availability of additional information via structure exploitation and the abs-
normal form, as introduced in Griewank, Walther, Fiege, Bosse. On Lipschitzian optimization
based on gray-box piecewise linearization. Mathmatical Programming, 2015. The structure
of the domain is caused by the nondifferentiabilities which decompose the domain into convex
polyhedra and can be used to analyze neighboring relations of these polyhedra. By the abs-
normal form required information as the direction of descent, the generalized gradient etc.
can be computed. To assure that the PL is bounded below, it is superimposed by a quadratic
term. The method converges to a stationary point and to an optimal point in the convex case,
respectively, whenever the PL functions are bounded below.
This talk presents convergence results for the minimization method for PS objectives func-
tions. Additionally, it presents numerical results for the convex and non-convex case and
compares them with results of other nonsmooth optimization methods.
1271

09.03.2016 16:00 Majid Movahedi Rad Audimax
Plastic Limit Analysis and Optimum Design of Structures for Uncertain Conditions.
Majid Movahedi Rad (Széchenyi István University)
One of the most successful applications of the variational formulation in the incremental plas-
ticity theory is the theory of limit analysis. The fundamental problem of limit analysis is
to determine the plastic limit load multiplier and the stresses, strain rates and velocities at the
plastic limit state of the body. This can always be achieved by conducting an incremental anal-
ysis which is, however, usually very time-consuming. The main advantage of the extremum
principles lies in the fact that, without a study of the entire loading history, they directly pro-
vide the exact value of the upper and lower bounds of the plastic limit load multiplier. This
is achieved merely by considering the sets of statically or kinematically admissible stress or
strain rate fields of the body. At the plastic limit state the stresses can maintain a static equi-
librium with the plastic limit load and, at the same time, satisfy the yield condition at every
point in the body. Briefly, the plastic limit load is the largest load which can be balanced
by the stresses satisfying the yield conditions, and the smallest load which can convert the
body into a yield mechanism. At the application of the plastic analysis and design methods
the control of the plastic behaviour of the structures is an important requirement. Since the
plastic limit analysis provides no information about the magnitude of the plastic deforma-
tions and residual displacements accumulated before the adaptation of the structure, therefore
complementary strain energy of the residual forces could be considered an overall measure
of the plastic performance of structures and the plastic deformations should be controlled by
introducing a bound for magnitude of this energy. If the design uncertainties (manufacturing,
strength, geometrical) are expressed by the calculation of the complementary strain energy
of the residual forces a reliability based extended plastic limit design problem is formed. In
this research, due to the uncertainties the bound for the complementary strain energy of the
residual forces is given randomly and a general approach to evaluate the limit load capacity
of structures for uncertain conditions is presented. The aim of this study is to evaluate limit
load capacity of structures with limited residual strain energy on the probabilistically given
conditions. In this research two different types of structures are examined, the first structure
is a skeletal frame with semi-rigid connections between columns and beams and the second
one is a laterally loaded long pile. The solution to reliability-based problems is obtained by a
computer program which is governed by the reliability index calculation.
1273

09.03.2016 16:20 Anja Kuttich Audimax
Nonlinear Semidefinite Programming with Application to Robust Truss Topology De-
sign under Uncertain Dynamic Loads
Anja Kuttich (TU Darmstadt)
We consider the robust truss topology design problem based on Ben-Tal and Nemirovski and
extend the model to uncertain dynamic loads, where the dynamic behavior of the truss struc-
ture is described by a linear time-invariant system. With the help of the H∞ norm of the
transfer function of the linear time-invariant system and the Bounded-Real Lemma, we refor-
mulate the dynamic truss topology design problem as a nonlinear semidefinite programming
problem. We solve the resulting optimization problem by using a sequentially semidefinite
programming approach and present numerical results. Furthermore we propose an extension
of the dynamic truss topology design model by including a static output feedback controller
design for active elements within the structure. This approach allows to optimize the topology
of the truss structure and the design of the feedback controller simultaneously.
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09.03.2016 16:40 Ngoc Trinh Tran Audimax
FEM Shakedown Analysis of Uncertain Structure by Chance Constraint Programming
Ngoc Trinh Tran (FH Aachen Universtity of Applied Sciences), Thanh Ngoc Tran (University
of Duisburg-Essen), H.G. Matthies (TU Braunschweig), G.E. Stavroulakis (Technical Uni-
versity of Crete)
Industrial design is massively concerned with structures or structural elements submitted to
cyclic mechanical loads and/or temperature fields. Nowadays, it is well-known that the limit
load does not ensure the structural safety for this kind of loading. Nevertheless, the experi-
mental test show that the response of the structure may become purely elastic, corresponding
to stabilization of the plastic strains, after a finite number of cycles. In this situation, called
elastic shakedown, the structure can endure a very large number of cycles that will prevent
the low-cycle fatigue phenomenon. Using the classical step-by-step methods for such calcu-
lations can be cumbersome and computationally expensive in many cases. Furthermore, the
disadvantage of these method is that the exact knowledge of the loading history is necessary,
which is not realistic in many technical applications and under uncertainties. Limit and shake-
down analysis are appropriate direct methods to avoid these problems. Direct methods state
the design problem as a convex optimization problem for the maximum of a safe load or for
its dual, the minimum of a failure load. This is a challenging concept, because the number
of constraints defining a safe load and a failure load in lower and upper bound analysis, re-
spectively, is huge with Finite Element discretization (FEM). Realistic industrial problems are
modelled with several 100 thousand of unknowns and constraints today. Besides, an evalua-
tion of the structural performance the uncertainty of the actual load-carrying capacity of the
structure should be taken into consideration since all resistance and loading variables are ran-
dom. Chance constrained programing is an approach of stochastic programming to limit and
shakedown analysis under uncertainty, [1,2]. Under uncertainty the shakedown problem can
be stated with random objective function or with random constraints. A probability is set with
which the constraint has to be satisfied. In this study, we present a new primal-dual numerical
algorithm of the shakedown problem under uncertainty in which the material strength is con-
sidered as a normally distributed random variable. Using chance constrained programming,
we obtain deterministic equivalent formulations based on upper bound and lower bound theo-
rems and then prove that formulations are actually dual to each other. The proposed algorithm
is tested in numerical examples from civil engineering structures. The obtained solutions show
good performance.
References
[1] M. Staat, and M. Heitzer, Probabilistic limit and shakedown problems. In: M.
Staat, M. Heitzer (eds.) Numerical Methods for Limit and Shakedown Analysis. De-
terministic and Probabilistic Approach. Part VII. NIC Series 15, 217-268 (2003).
http://hdl.handle.net/2128/2926 .
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09.03.2016 17:00 Nikolai Gerzen Audimax
Sensitivity of structural response with respect to uncertain loading, geometrical imper-
fections and deviations of material properties.
Nikolai Gerzen (TU Dortmund), Franz-Joseph Barthold (TU Dortmund)
In context of structural analysis and optimization uncertain model properties can lead to dra-
matic changes in its response. These uncertain properties could be loading conditions, geo-
metrical imperfections and deviations of material properties. The structural response is usually
expressed in terms of displacements, stresses and load-bearing capacity. In context of struc-
tural robustness uncertainty of model properties often plays an important role. As uncertain
properties are in general arbitrary perturbed functions it is not practicable to simulate each
possible structural perturbation. Classical approaches which deal with such problems are usu-
ally based on statistical methods.
In this contribution sensitivity of structural response with respect to perturbations in model
parameters is computed. Internal structure of matrices which appear within this process is
analysed utilizing singular value decomposition (SVD) and the principal component analysis
(PCA). Thus, sets of parameter perturbations which has the most significant influence on the
structural response can be detected and interpreted. The corresponding changes of structural
response are delivered simultaneously in the same step. Illustrative examples demonstrate the
advocated concept.
The proposed methodology leads to valuable qualitative and quantitative insight, which is
so far unused in standard approaches to structural analysis and optimization. A detailed de-
scription of the generic concept can be found in [1]. The proposed method is applied to shape
and topology optimization problems in [2] and [3].
References
[1] N. Gerzen. Analysis and applications of variational sensitivity information in structural
optimisation.PhD thesis, Dortmund University of Technology, 2014. Published by Shaker
Verlag.
[2] N. Gerzen, D. Materna, and F.-J. Barthold. The inner structure of sensitivities in nodal
based shape optimisation.Computational Mechanics, 49:379–396, 2012.
[3] N. Gerzen and F.-J. Barthold. Enhanced analysis of design sensitivities in topology opti-
mization.Structural and Multidisciplinary Optimization, 46:585–595, 2012.
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09.03.2016 17:20 Lukas Radau Audimax
Structural design sensitivity analysis in context of non-linear buckling
Lukas Radau (TU Dortmund), Nikolai Gerzen (TU Dortmund), Franz-Joseph Barthold (TU
Dortmund)
This contribution is concerned with the design sensitivity analysis of engineering structures
with respect to modifications in shape. Shell structures are considered in context of non-linear
buckling. The design of such structures is extremely important for their stability, robustness
and load-bearing capacity. Modern shell finite element formulations necessitate peculiar ap-
proaches not only in context of buckling analysis but also in context of the corresponding
design sensitivity analysis. Aspects of these approaches are discussed.
Within this contribution non-linear solid shell element proposed in [1] and [2] is considered. It
is based on the Hu-Washizu variational principle which includes a displacement, an assumed
strain and an assumed stress field. Variational design sensitivity analysis of this element is per-
formed in [3]. An overview on suitable techniques for structural stability analysis is given in
this contribution. Additional equations which are necessary for the computation of instability
points are derived and discussed. The corresponding static condensation is explained.
Furthermore, investigation of the inner structure of matrices which appear within the design
sensitivity analysis is motivated. The knowledge of their inner structure enables engineers to
understand and improve structural behaviour and to detect relevant geometrical conditions for
buckling analysis. As a possible application singular value decomposition of the so called
pseudo load matrix is utilised to generate imperfections for non-linear buckling analysis. Il-
lustrative examples demonstrate the advocated concept.
References
[1] S. Klinkel, F. Gruttmann, and W. Wagner. A robust non-linear solid shell element based
on a mixed variational formulation. Computer Methods in Applied Mechanics and Engi-
neering, 195:179 – 201, 2006.
[2] S. Klinkel and W. Wagner. A piezoelectric solid shell element based on a mixed vari-
ational formulation for geometrically linear and nonlinear applications. Computers and
Structures, 86:38 – 46, 2008.
[3] N. Gerzen, F.-J. Barthold, S. Klinkel, W. Wagner, and D. Materna. Variational sensitivity
analysis of a nonlinear solid shell element. International Journal for Numerical Methods
in Engineering, 96(1):29–42, 2013.
1281

09.03.2016 17:40 Dominic Jekel Audimax
Robust Damping in Self-Excited Mechanical Systems
Dominic Jekel (TU Darmstadt), Eoin Clerkin (TU Darmstadt), Peter Hagedorn (TU Darm-
stadt)
In mechanical engineering there are many systems exhibiting self-excited vibrations, e.g.
squealing disc brakes, the ground resonance phenomenon in helicopters, and the vibrations in
paper calenders. Although these are nonlinear systems, a standard stability analysis approach
is to linearize the equations of motion around an equilibrium position. For self-excited sys-
tems, in the linearized equations of motion, non-conservative, circulatory forces are present,
leading to skew-symmetric matrices in the coordinate-proportional forces. It is well known,
that such systems are very sensitive to damping and that their stability strongly depends on
the structure of the damping matrix [1, 2]. Therefore, the main goal of this contribution is to
optimize the structure of the damping matrix in order to stabilize a general mechanical system.
After linearization, the following equations of motion are obtained:
Mq¨+(D+G)q˙+(K+N)q= 0, (1)
where q is the column vector of the generalized coordinates. The mass matrix M and the
stiffness matrix K are taken to be symmetric and positive definite. The gyroscopic matrix G
and the circulatory matrix N are skew-symmetric, while the damping matrix D is symmetric.
The matrices are square of size n, where n for many studies can be large. For the optimization
problem and to account for the different physical origins of damping, D can be decomposed
into
D= D0 +
k
∑
j=1
α jD j, (2)
with the global damping matrix D0 and k additional α j-weighted damping matrices D j, where
each D j is due to a different damping component. In case of the minimal model of the wob-
bling disc brake presented in Ref. [3], damping in the disc and in the pins, as well as damp-
ing due to dry friction can expressed by equation (2). All relevant physical parameters of
system (1) are assumed to be known, while the weighting factors α j are unknown. Using
standard complex eigenvalue analysis, the stability (Re(λi) < 0) of the equilibrium state can
be investigated as a function of the weighting factors α j. Hence, it is possible to adjust the
stability boundary by scaling the additional damping matrices D j. An optimization problem
over the α j can be formulated, such that the real part of the maximal eigenvalue is minimized.
The weighting factors α j are varied between industry obtained upper and lower limits. In this
presentation, we investigate mechanical models with two degrees of freedom. In this particu-
lar case, due to the small number of parameters, the influence of the different damping terms
on the stability behaviour of system (1) can be completely understood.
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10.03.2016 08:30 Sven-Joachim Kimmerle Audimax
Modelling, simulation and optimal control of an elastic bridge under moving loads
Sven-Joachim Kimmerle (Universität der Bundeswehr München)
We consider a bridge that is subject to moving loads representing cars or a train with several
wagons. The bridge is clamped at both ends. As a model for the quasi-static mechanical
behaviour of the bridge we study a 3-dimensional beam as well as a Kirchhoff plate. We
assume small displacement gradients and consider the partial differential equation (PDE) for
linear elasticity for the beam model and the plate equation, that is a fourth-order elliptic PDE,
respectively. The cars are subject to Newton’s laws of motion yielding ordinary differential
equations (ODE) fully coupled to the PDE.
For each model the PDE for the displacement of the bridge under load is simulated by finite
element methods by the software package FEniCS. Our models are validated by a comparison
with a standard formula frequently used by engineers.
A further aim is the optimal policy for passing over potentially fragile bridges. This leads
to an optimal control problem subject to coupled ordinary and partial differential equations.
We discuss further examples for similar optimal control problems, including an elastic crane-
trolley-load system and optimal braking of a truck with a fluid container.
Parts of this research have been realized with two students, Philipp Nixdorf and Hieronymus
Händly, at Universität der Bundeswehr.
1285

10.03.2016 08:50 Kateryna Padalkina Audimax
Modellidentification by optimization in complex engineering applications
Kateryna Padalkina (RWTH Aachen), Bernd Markert (RWTH Aachen), Michael Herty
(RWTH Aachen)
In the context of elasticity and plasticity computations different material models are typically
used. Those addtionally dependent on a wide range of parameters. In the context of mechan-
ical engineering problem on taks is to find the optimal material model that is additional best
conditioned for parameter identification using the least number of experiments. We present an
extension of a model identification method and numerical results for plasticity models on a 2d
case.
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10.03.2016 09:10 Michael Gröger Audimax
An impulse control approach for optimal maintenance scheduling of a gas turbine
Michael Gröger (Siemens AG)
This contribution presents ideas, how to create an optimal maintenance schedule for a gas tur-
bine by using an impulse control approach. Maintenance plays an important role in gas turbine
operation, because it ensures the reliable operation. Next to the fuel consumption service cost
are the second largest portion of life cycle cost in operation of a gas turbine. Therefore an
optimized maintenance schedule will improve profitability of a gas turbine.
Today, predictive maintenance actions for a gas turbine are determined by one global life
counter cg (t) which represents the engine model with regards to the consumed life of the gas
turbine. If the gas turbine reaches the life counter limit lg for the respective maintenance in-
terval, then the operator has to carry out the respective service according to its maintenance
manual. The drawback of having only one life counter is, that it cannot represent component
specific lifetime consumption.
To overcome this point, the gas turbine gets multiple life counters for every important com-
ponent. The first step in this approach gives space for optimization by using multiple life
counters ci (t) with different limits li. There will be no benefit to start every time a service
action if a counter ci reaches a limit. Therefore the second step is to establish the probabilistic
nature of the different failure mechanism into the model. This gives us the option to extend
service intervals or to skip service actions.
Our aim is to maximize the excepted revenue of the gas turbine for a given time interval [0,T ]
which is given by∫ T
0
e−ieffτS (c(τ)) [I−CRh(c(τ))]dτ−
n
∑
i=1
S (c(ti))e−ieffτiCM,
where S (t) is the survival probability, h(t) is the hazard rate. Both of them depend on the life
counter c(t)Rd . I, CR and CM are the associated revenues and costs.
To get the optimal service plan in terms of optimal outage time points τi, we use an impulse
control approach like in [1] to reformulate our problem as optimal control problem and we
get
max
N,v,τ
∫ T
0
eiefftS (c(t)− x(t)) [I−CRh(c(t)− x(t))]dt−
n
∑
j=1
S
(
c
(
τ−j
)
− x
(
τ−j
))
eieffτ
−
j CMv
j
i
subject to
x(0) = 0, x˙(t) = 0, x
(
τ+j
)
− x
(
τ−j
)
= v ji
[
ci
(
τ j
)− x(τ−j )] , v ji ∈ {0,1} ∀ i, j.
This representation gives us the possibility to calculate the optimal outage schedule for a gas
turbine and we present basic examples.
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10.03.2016 13:30 Jonas Kusch Audimax
Frequency Based Preconditioning And Smoothing For Shape Optimization
Jonas Kusch (RWTH Aachen), Nicolas Gauger (TU Kaiserslautern), Siegfried Müller (RWTH
Aachen), Stephan Schmidt (Universität Würzburg)
In many shape optimization problems, gradient smoothing is a crucial step in the optimiza-
tion chain, as non-smooth geometries will make it impossible to determine the flow solution.
However, whenever one makes use of gradient smoothing, one needs to ask how this manip-
ulation of the search direction will affect the convergence speed of the optimization method.
Therefore, it should be ensured, that the smoothing process does not slow down and if possible
accelerates the convergence to an optimal design.
In this work, we present a smoothing technique which can be understood as a Quasi-Newton
method. As a result, the smoothing method can potentially speed up the optimization process
for small Reynolds number flows. The idea of this preconditioner is that it approximates the
symbol of the inverse Hessian. This symbol is derived for the Stokes equations when using the
drag as cost function. The analytic derivation, which is valid for smooth geometries, shows
that the Hessian has the symbol of a pseudo-differential operator of order one. A consequence
of this result is that the inverse Hessian will have smoothing behavior. Therefore, applying
this quasi-Newton update can also be interpreted as a smoothing of the search direction. The
analytic result is then investigated numerically for a flow with a Reynolds number of 80, which
will show how convective flow behavior affects the symbol of the Hessian. In order to create
a computationally cheap preconditioner, the pseudo-differential Hessian will be approximated
by an even order differential operator, which is defined on the surface, that we would like to
optimize. To obtain a good approximation of the linear scaling behavior caused by the pseudo-
differential Hessian operator, we will make use of the windowed Fourier transform. We will
use the knowledge of local frequencies to locally adapt the preconditioner, such that we have
linear scaling for relevant frequencies. The resulting preconditioner is similar to Sobolev
smoothing. An important difference however is the non-constant smoothing parameter, which
is now chosen such that we mimic the symbol of the inverse Hessian. The new method is then
compared to common Sobolev smoothing by minimizing the drag of a cylinder. We can see
that for a Reynolds number of 80, we are able to heavily accelerate the optimization process.
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10.03.2016 13:50 Dustin Roman Jantos Audimax
An evolution equation based approach to topology optimization
Dustin Roman Jantos (Ruhr-Universität Bochum), Philipp Junker (Bergische Universität
Wuppertal), Klaus Hackl (Ruhr-Universität Bochum)
The objective of topology optimization is to find a mechanical structure with maximized stiff-
ness by minimizing the work of external forces for given boundary conditions[1]. We solve
this problem by introducing a variational problem for the field of the mass density defined
by an internal variable [2]. By minimizing the Gibbs free energy according to Hamilton’s
principle in dynamics for dissipative processes, we are able to find an evolution equation for
the density field. For this, we introduce a viscous-like dissipation potential for the internal
variable and add a Lagrange multiplier to control the total mass within the model space. Thus,
the numerical solution can be provided in a single finite element environment. A regulariza-
tion with a discontinuous Galerkin approach for the internal variable enables us to suppress
the well-known checkerboarding phenomena while evaluating the evolution equation within
each finite element separately [3]. Therefore, the density field is no additional field unknown
but a Gaußpoint quantity and the calculation effort is strongly reduced. Finally, we present
solutions of optimized structures for different boundary problems to show the potential of our
model.
References
[1] Bendsøe, Martin Philip and Sigmund, Ole. Topology optimization: theory, methods and
applications. Springer (2003)
[2] Junker, Philipp and Hackl, Klaus. A variational growth approach to topology optimization.
Structural and Multidisciplinary Optimization. Structural and Multidisciplinary Optimiza-
tion (2015)
[3] Junker, Philipp and Hackl, Klaus. A discontinuous phase field approach to variational
topology optimization. In review
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10.03.2016 14:10 Lisa Kusch Audimax
The One-Shot Method in SU2
Lisa Kusch (TU Kaiserslautern), Nicolas R. Gauger (TU Kaiserslautern)
The one-shot approach is well-suited for adjoint-based design optimization in different fields
of research. Different to nested optimization methods, in the one-shot method the state, the
adjoint and the design are updated simultaneously using a suitable preconditioner to guarantee
for descent. As a result of pursuing feasibility and optimality at the same time the computa-
tional efficiency can be increased.
The one-shot approach is implemented in SU2 to extend the choice of optimization algorithms.
SU2 is a suite of open-source software tools written in C++ for the numerical solution of par-
tial differential equations and performing PDE constrained optimization. In preliminary work
the multi-physics package SU2 was differentiated with the help of algorithmic differentiation
[1] such that a suitable adjoint solver for the one-shot method is provided.
The aim of this work is to implement and test different one-shot strategies for SU2. These in-
clude the application of the one-shot approach when considering additional constraints apart
from the state equation, which is for example important for aerodynamic shape optimization.
In [2] the one-shot framework was extended to additional constraints by introducing a suit-
able augmented Lagrangian function and an update procedure for the corresponding Lagrange
multipliers.
Another aim of this work is to prepare the use of the one-shot method in robust design. In
previous work [3] the authors combined multi-objective optimization and robust design in the
context of aerodynamic shape optimization. As the computational costs for solving the under-
lying partial differential equations and for modeling the uncertainties are already very high, it
is important to consider efficient optimization methods like the one-shot method.
[1] T. Albring, M. Sagebaum, N.R. Gauger. Development of a Consistent Discrete Adjoint Solverin an Evolv-
ing Aerodynamic Design Framework. AIAA 2015-3240 (2015).
[2] A. Walther, N.R. Gauger, L. Kusch, N. Richert. On an Extension of One-Shot Methods to Incorporate
Additional Constraints. Submitted to: Optimization Methods and Software.
[3] L. Kusch and N. Gauger. Robust airfoil design in the context of multi-objective optimization. To appear
in: Proceedings of Evolutionary and DeterministicMethods for Design, Optimization, and Control with
Applications toIndustrial and Societal Problems, EUROGEN 2015.
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10.03.2016 14:30 Paul Falkenberg Audimax
An extended cost estimation model for a multi-material topology optimization approach
Paul Falkenberg (Technische Universität Braunschweig), Thomas Vietor (Technische Univer-
sität Braunschweig), Sierk Fiebig (Volkswagen AG)
Nowadays, topology optimization is widely used in the automotive industry to design casting
parts. The goal of the optimization is to find a design with a minimum weight which satisfies
the specified strength and stiffness requirements. The costs of the part only play subordinate
role for the optimization, as there is a direct correlation between the material costs and the
structural weight. Therefore, a single objective function, the reduction of weight, is normally
sufficient.
For the multi-material topology optimization of hybrid parts, this simple cost estimation model
needs to be extended. Additional operating costs resulting from the more complex manufac-
turing process have a major share on the overall costs of a hybrid part. One example is the
joining of both materials, which is typically done by an adhesive or interlocking structures.
Additional costs for the adhesive and a possibly necessary surface treatment have to be con-
sidered.
In this paper an extended calculation model will be presented, which tries to incorporate the
additional costs factors resulting from the hybrid part manufacturing process. Furthermore,
approaches to determine the costs influencing geometric properties of the structures will be
shown.
To integrate the new additional objective function in the optimization process, the ε-constraint-
method is used. For this method, the main optimization objective must be set a priori. The
corresponding objective function stays unchanged, while the secondary objective is reformu-
lated into an additional constraint.
For the multi-material topology optimization the main objective is the reduction of weight,
while the reduction of costs is treated as an additional constraint. Different examples will
show the influence of the extended cost model on the optimization results.
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10.03.2016 14:50 Katrin Weider Audimax
On the calculation of Topological Derivatives considering an exemplary nonlinear ma-
terial model
Katrin Weider (Chair for Optimization of Mechanical Structures, University of Wuppertal),
Axel Schumacher (Chair for Optimization of Mechanical Structures, University of Wuppertal)
In this contribution, a new approach for dealing with material nonlinearities in structural opti-
mization is presented. It combines the advantage of the calculation of the Topological Deriva-
tives in elasticity problems using meta-modeling for capturing complex correlations.
The Topological Derivative describes the sensitivity of an objective functional for introduc-
ing an infinitesimal hole into the design space. This sensitivity can be used for topology
optimization using a level set method.
The main idea of this work is based on the research results from Eschenauer, Kobelev and
Schumacher [1] and Sokolowski and Zochowski [2]. For minimizing the mean compliance
with respect to the boundary value problem of linear elasticity, the formulation of the Topo-
logical Derivative is based on the adjoint state approach and the known analytical form of the
stress distribution around circular cavities in linear elasticity. That allows the calculation of a
closed analytical form for the sensitivity. Because the stress distribution for arbitrary nonlinear
material models is not known as an analytical solution, the above-mentioned analytical form
is limited to Hooke’s law.
To extend this approach to nonlinear material models, we use numerical methods for the cal-
culation of the Topological Derivative. Corresponding to the analytical procedure, a microcell
Finite Element model with a circular hole in a planar shell is loaded under two perpendicular
stresses. With the principal stress tensor at one point of the design space the microcell repre-
sents a section with an infinitesimal hole. The resulting stresses in peripheral direction on the
boundary of the hole are calculated with an implicit quasi-static Finite Element simulation.
Various combinations of stress states for the microcell provide the sample points for the meta-
model of the Topological Derivative. We observe the expected nonlinear relation between the
stress combinations and the Topological Derivative, which do not allow any superposition.
Using the Finite Element Method for the solution of the macro-scale boundary value prob-
lem, the Topological Derivative can be requested from the meta-model and the sensitivity of
the design space can be derived pointwise. The presentation of an academic example shows
the significant difference between the linear and the nonlinear material models.
[1] Eschenauer, H., Kobelev, V., Schumacher, A. (1994): Bubble method for topology and
shape optimization of structures, J. of Structural Optimization 8, pp. 42-51.
[2] Sokolowski, J., Zochowski, A. (1999): On the topological derivatives in shape optimiza-
tion, SIAM J. Control Optim. 37, pp. 1251-1272.
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10.03.2016 15:10 Jan Liedmann Audimax
Optimisation of Structures with Inelastic Deformations
Jan Liedmann (TU Dortmund), Franz-Joseph Barthold (TU Dortmund)
Design optimisation of structures and materials becomes more and more important in most
engineering disciplines. In this connection, the treatment of inelastic, path-dependent mate-
rials is a topic of interest. In contrast to purely elastic materials, it is necessary to store and
analyse the deformation history in order to appropriately describe path-dependent material be-
haviour.
For design optimisation of structures, i.e. the outer shape of a structure as well as material
properties, it is necessary to compute sensitivities of all quantities of influence in order to
use gradient based optimisation algorithms. Considering path-dependent materials the sen-
sitivities of internal variables that represent the deformation history have to be additionally
calculated.
A numerical effective way of determining sensitivities is the variational sensitivity analysis,
i.e. analytical derivation of sensitivities using variational principles. Barthold [1] proposed
an enhancement of the classical kinematic concepts of continuum mechanics, that is a split of
the deformation mapping into a geometry and a motion mapping. This natural separation of
geometry and motion is helpful for the understanding of the occurring relations and simplifies
the calculation of sensitivities.
This approach can be applied to develop powerful and effective algorithms to compute sensi-
tivities of structures with path-dependent material behaviour, e.g. elastoplastic [2] or porous
materials [3].
The idea of the decomposition of the deformation mapping into a geometry and a motion part
as well as the overall strategy of computing sensitivities on continuous level by means of vari-
ational sensitivity analysis is presented. Especially the treatment of inelastic, path-dependent
materials in this context is described. Solutions of inverse optimisation problems are presented
in numerical examples, which establish the advantages of using analytical gradients as well as
the flexibility of the presented algorithms.
References
[1] Barthold, F-J.: Zur Kontinuumsmechanik inverser Probleme. Habilitation. Braun-
schweiger Schriften zur Mechanik 44-2002, TU Braunschweig
[2] Wiechmann, K.: Theorie und Numerik zur Berechnung und Optimierung von Strukturen
mit elastoplastischen Deformationen, Dissertation. LU Hannover(2001)
[3] Stieghan, J.: Variationelle Sensitivitätsanalyse in der Theorie poröser Medien, Disserta-
tion. TU Braunschweig (2006)
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10.03.2016 17:00 Stefania Petra Audimax
Co-Sparse Tomographic Image Recovery: Performance Estimates and Large-Scale
Programming
Stefania Petra (Heidelberg University)
We are concerned with the recovery of volume functions with a limited number of degrees
of freedom from few tomographic projections. This has been a topic of theoretical work on
discrete tomography using combinatorial methods since many years and is relevant to numer-
ous applications in diverse areas. Our compressed sensing viewpoint on the subject is new
and enables to handle much larger problem sizes. Although such tomographic measurements
are quite different to what one obtains from random and non-adaptive measurements favoured
by compressed sensing theory, sparsity promoting regularisation like total variation minimi-
sation has been successfully applied in real-life tomography, however without any theoretical
underpinning or provable guarantees. We exploit the cosparse signal structure, to provide the-
oretical recovery guarantees and to design dedicated reconstruction algorithms that exploit the
problem structure and scale up to large problem sizes.
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10.03.2016 17:20 Nguyet Minh Mach Audimax
Enhancing residual-based techniques with shape reconstruction features in Electrical
Impedance Tomography
Nguyet Minh Mach (Goethe University Frankfurt)
In electrical impedance tomography, algorithms based on minimizing a linearized residual
functional have been widely used due to their flexibility and good performance in practice.
However, no rigorous convergence results have been available in the literature yet, and recon-
structions tend to contain ringing artifacts. In this work, we shall minimize the linearized resid-
ual functional under a linear constraint defined by a monotonicity test, which plays the role
of special regularizer. Global convergence is then established to guarantee that this method
is stable under the effects of noise. Moreover, numerical results show that this method yields
good shape reconstructions under high levels of noise without the appearance of artifacts.
This is a joint work with Bastian Harrach.
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10.03.2016 17:40 Joscha Reimer Audimax
Optimization of Model Parameters and Experimental Designs for a Global Marine Bio-
geochemical Model
Joscha Reimer (Kiel University), Jaroslaw Piwonski (Kiel University), Thomas Slawig (Kiel
University)
This talk is concerned with the optimization of model parameters and experimental designs
for a three-dimensional and time-dependent marine biogeochemical model.
This model describes the phosphorus cycle in the ocean. Phosphorus influences the reproduc-
tion of phytoplankton which significantly affects the amount of carbon dioxide drawn from
the atmosphere into the ocean. As a consequence, it considerably affects the intensity of the
greenhouse effect.
In order to make more accurate predictions with this model, its parameters have been opti-
mized based on measurement data. We have encountered the high computational effort of a
model evaluation with parallelization in the model, advanced derivative-based optimization
algorithms and a cost saving approximation of the derivative. Globalization techniques were
used to overcome local minima.
To obtain an accurate estimation of the true model parameters, we have used cost functions
resulting from the maximum likelihood estimator. In order to establish the corresponding
statistical model, standard deviations and correlations of the data generating random variables
were estimated.
Using techniques for optimizing non-linear experimental designs, additional measurements
were planned. Thus, these additional measurements allow a maximum reduction in the un-
certainty in the model parameters and the model itself. Genetic algorithms were used for this
optimization.
We would like to present the applied techniques for parameter estimation, uncertainty quan-
tification and optimization of experimental designs which are not limited to this application
example.
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10.03.2016 18:00 Marion Pfirsching Audimax
Material flow problems on conveyor belts using a multi-scale model hierarchy
Marion Pfirsching (University of Mannheim), Simone Göttlich (University of Mannheim)
Conveyor belts are used in a wide field of industrial application, for example in bottling plants
where a large number of objects is transported at the same time. Here the collision between
the material is an intentional part of the transportation process.
As an example problem we study a case where particles move on a conveyor belt. One half
of the belt is blocked by an obstacle. To compute the movement of the objects hitting the
obstacle, we consider two models. The first one is a microscopic model based on ordinary dif-
ferential equations which calculates a trajectory for each particle with Newton’s law of motion.
The second one is a macroscopic model based on a two dimensional hyperbolic conservation
equation with a non local flux function which models the behaviour of the totality of particles.
The results of the microscopic model are quite near to real data. But the computation time in-
creases quadratically with the number of particles, so especially for a large number of particles
this is not satisfying. Therefore we work with a macroscopic model wherever it is possible.
The computation time of the macroscopic model is independent of the mass of particles, but
as result one only gets the behaviour of the whole mass, not of each single particle. It turns
out that the result of the macroscopic model is quite similar to the result calculated by the mi-
croscopic model with a large number of particles. The loss of accuracy is compensated with a
decrease of computation time.
Once the problem is simulated, it can be interesting to optimise it, for example to maximise
the throughput. In this example problem, the objects should leave the region in front of the
obstacle as fast as possible. The control is the placement of the objects on the belt inside a
predefined area. The chosen optimisation method is an adjoint calculus combined with a gra-
dient descend method.
By optimising the same setting in both models, it turns out that the optimal solutions for each
model are quite comparable, even if the model structure is completely different. The optimi-
sation results for the microscopic model are not satisfying, since there are too many degrees
of freedom. In contrast, the optimisation with the macroscopic model provides good results,
as well with commercial solvers as with the adjoint method. Finally the optimisation results
of the macroscopic model can be interpreted in the microscopic setting. The result is better
than any optimisation result one gets by optimising the microscopic model.
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10.03.2016 18:20 Kathinka Hameister Audimax
A dual bounded branch and bound algorithm for quadratic mixed integer problems
Kathinka Hameister (University of Mannheim), Simone Göttlich (University Mannheim),
Michael Herty (RWTH Aachen)
Solving convex nonlinear mixed-integer optimization is still a challenge in the wide field of
real world applications of mathematical models such as production or traffic models. Since
handling the relaxed subproblems in the branch and cut method is very costly, we want to
introduce a dual bound for subproblems to improve the decision strategy of the branch and cut
method. This leads to a more direct way through the branching tree and therefore less relaxed
problems have to be calculated.
At this juncture the new decision strategy for quadratic constraint mixed-integer quadratic
problems yields to an improvement in the number of actual calculated relaxed problems com-
pared to CPLEX as a benchmark.
One idea is to apply this new strategy to a traffic flow and on a production model. Both models
are based on a hyperbolic conservation law and are fitted with coupling conditions to realize
them on a network structure. For the traffic flow model we consider a quadratic fundamental
diagram, whereas for the production flow we use a monotone increasing bounded flow function
and an ordinary differential equation for the capacity restriction.
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10.03.2016 18:40 Adriana Nastase Audimax
Global Optimized Shape of Suborbital Space Vehicle
Adriana Nastase (RWTH, Aachen University)
The determination of a global optimized (GO) shape of a flying configuration (FC) (namely
the simultaneous optimization of its distributions of camber, twist and thickness and also of
the similarity parameters of its planform) leads to an extended variational problem with free
boundaries An own iterative optimum-optiorum strategy was developed, in order to determine
the GO shape of the FC, inside of class of elitary FCs (with given planforms). A lower limit
hypersurface of the drag functional as function of the similarity parameters of the elitary FCs
of the class, is defined and the elitary FC, which corresponds to the minimum of this surface
is, in the same time, the GO FC of the class. This evolutonary strategy uses in its first step
inviscid GO shapes as surrogate models. The discontinous surfaces of the elitary FCs are
picewise approximte in forms of different superpositions of homogeneous polynoms in two
variables, on the wing and of the fuselage The coefficients of these polynoms together with
the similarity parameters of their planforms are the free parameters of optimization. Up the
second step of iteration, hybrid Navier-Stokes solutions are used and the new functional is
the total drag. This strategy is used for the determination of the GO shape of a suborbital
vehicle, optimized at cruising Mach number M∞ = 3. It flies shock free, without sonic boom
interferance and, due to GO shape, has a high value of L/D (lift to drag).
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08.03.2016 08:30 Stefan Güttel Altgebäude (Schleinitzstrasse), Raum SN19.3
The MATLAB Rational Krylov Toolbox
Stefan Güttel (The University of Manchester)
The newly developed MATLAB Rational Krylov Toolbox (http://rktoolbox.org) aims at mak-
ing available scientific computing tools based on rational Krylov techniques. In this talk I will
give an overview of the toolbox. In particular, I will explain the maths behind the so-called
RKFUN class and its methods, which allow for basic numerical computations with rational
functions. This is joint work with Mario Berljafa.
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08.03.2016 17:00 Marija Miloloza Pandur Altgebäude (Schleinitzstrasse), Raum SN19.3
An Eigensolver for Definite Matrix Pairs
Marija Miloloza Pandur (J.J. Strossmayer University of Osijek)
We consider the definite eigenvalue problem Ax= λBx, that is, A, B are Hermitian and some
linear combination is positive definite. We develop a subspace algorithm based on a trace-
minimization property. In fact, the algorithm is able to detect the definiteness of a given
Hermitian pair and then proceed eigensolving. The algorithm is particularly suitable for sparse
or banded matrices.
Numerical examples are included.
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08.03.2016 17:20 Suzana Miodragovic Altgebäude (Schleinitzstrasse), Raum SN19.3
Relative perturbation theory for quadratic eigenvalue problem
Peter Benner (Max Planck Institute), Xin Liang (Max Planck Institute), Suzana Miodragovic
(J. J. Strossmayer University of Osijek), Ninoslav Truhar (J. J. Strossmayer University of
Osijek)
We present new relative perturbation bounds for the eigenvalues and eigensubspaces for quadratic
eigenvalue problem λ 2Mx+λCx+Kx= 0, where M and K are nonsingular Hermitian and C
is any Hermitian matrix. First, we derive relative perturbation bounds for the eigenvalues and
the sinΘ type theorems for the eigensubspaces of the regular matrix pairs (A,B), where both
A and B are Hermitian matrices. Using a proper linearization and new relative perturbation
bounds for regular matrix pairs (A,B), we develop corresponding relative perturbation bounds
for the eigenvalues and the sinΘ type theorems for the eigensubspaces for the considered
regular quadratic eigenvalue problem.
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08.03.2016 17:40 Nikta Shayanfar Altgebäude (Schleinitzstrasse), Raum SN19.3
Linearization of matrix polynomials arising from Hermite interpolation problem
Heike Fassbender (Technische Universität Braunschweig), Javier Perez (The University of
Manchester), Nikta Shayanfar (Technische Universität Braunschweig)
In this talk, we consider matrix polynomials obtained from Hermite interpolation problems.
Generally, an interpolating matrix polynomial of degree d can be uniquely determined by d+1
samples of the polynomial and its derivatives. More precisely, for the sample nodes z0, . . . ,zn,
the Hermite interpolation polynomial P(z) is a polynomial of degree d which matches the
predetermined values P(zi) of the polynomial and its first si− 1 predetermined derivatives
P( j)(zi) at the point zi, where ∑ni=0 si = d+ 1. In this work, we will present a new strong
linearization with a sparse structure for the Hermite interpolation polynomial. Besides, we
will show how eigenvectors of P(z) are related with those of the new linearization. Finally,
the backward errors of computed eigenpairs of the original and the linearized problem are
compared as well as eigenvalue condition numbers.
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08.03.2016 18:00 Xin Liang Altgebäude (Schleinitzstrasse), Raum SN19.3
Convergence Analysis of Extended LOBPCG for the Extreme Eigenvalue
Peter Benner (MPI Magdeburg), Xin Liang (MPI Magdeburg)
This talk is concerned with the convergence analysis of an extended variation of the locally
optimal preconditioned conjugate gradient method (LOBPCG) for the extreme eigenvalue
of a Hermitian matrix polynomial which admits some extended form of Rayleigh quotient.
This progress is a generalization of the analysis by Ovtchinnikov (SIAM J. Numer. Anal.,
46(5):2567–2592, 2008). As instances, the algorithms for definite matrix pairs and hyperbolic
quadratic matrix polynomials are shown to have a global convergence and an asymptotically
local convergence rate. Also, numerical examples are given to show the performance of the
convergence.
1323

08.03.2016 18:20 Jens Saak Altgebäude (Schleinitzstrasse), Raum SN19.3
On Preconditioning of Real Linear Systems of equations with Complex Shifts
Hartwig Anzt (University of Tennessee), Edmond Chow (Georgia Institute of Technology),
Jens Saak (Max Planck Institute for Dynamics of Complex Technical Systems)
For a pair of matrices A,E ∈ Rn×n and a block right handside B ∈ Rn×m, we aim at iterative
solvers for the shiftedlinear system
(A+ pE)X = B.
This is an omnipresent task in various methods for modelorder reduction (MOR) of large
and sparse dynamical systems. Even though thedata is real, the shift p often needs to be
chosen complex for optimalresults. However, since the data (i.e. the matrices A, E, B) is
real, wewant to perform all computation in real arithmetic and find a preconditionerthat can
ideally be pulled back to one for real shifts.For a general complex linear system it is well
known that it can be reformulatedinto a real linear system of twice the size, when stacking
the real and complexparts of the solution and right hand side blocks on top of each other.
Also, thepreconditioning of the general complex case, based on this reformulation, iswell
investigated in the literature. The novelty in our method lies in the factthat we exploit the
structure of the linear system, i.e, the fact that it isonly complex due to the complex shift. We
derive and compare different blockstructured preconditioners for this type of systems.If time
permits, we also treat the problem of preconditioner realignment whenthe shift changes in a
sequence of linear system solves, which is thepractically appearing case in rational Krylov or
ADI based methods used in the MOR approaches mentioned above.
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08.03.2016 18:40 Robert Luce Altgebäude (Schleinitzstrasse), Raum SN19.3
One-pass substitution in the Gilbert-Peierls sparse LU factorization
Robert Luce (EPF Lausanne)
The classical Gilbert-Peierls variant of the sparse LU factorization computes the columns of
L and U in a left looking manner. At each stage of the factorization two graph traversals of
the intermediate L(k) factor are performed: The first determines an ordering for a following
forward substitution with L(k), while during a second pass through the graph the actual floating
point operations are carried out. By maintaining an auxiliary data structure that captures the
dependency structure of the intermediate factors, we show that the two steps can actually be
combined in one single graph traversal.
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09.03.2016 08:30 Venera Khoromskaya Altgebäude (Schleinitzstrasse), Raum SN19.3
Fast Tensor-structured Method for Calculation of the Bethe-Salpeter Excitation Ener-
gies
Venera Khoromskaya (Max-Planck-Institute for Mathematics in the Sciences)
(based on joint work with Peter Benner and Boris Khoromskij)
The Bethe-Salpeter equation (BSE) is a reliable model for estimatingthe absorption spectra
in molecules and solids on the basis ofaccurate calculation of the excitation energies from
first principles.The necessary prerequisites for generation of matrices in the BSE system are
ab-initio ground state energy calculations. The tensor-structured Hartree-Fock solver [2,3,4],
provides a full set of molecular orbitals and eigenvalues andan efficient low-rank Cholesky
factorization for the 4th order tensor of two-electron integrals (TEI).We present a new ap-
proach [1] to computation of the Bethe-Salpeter excitation energieswith relaxation of the nu-
merical costs to O(N3) in size of atomic orbitals basis set, N, instead of practically intractable
O(N6) for conventional diagonalization of the BSE matrix.The diagonal plus low-rank tensor
approximations to the fully populatedblocks in the large BSE matrix are constructed gaining
from the low-rank form of TEI, thus enabling easier partial eigenvalue solver for a large auxil-
iary system but with a simplified block structure. Then a small subset of eigenfunctions from
the auxiliary BSE problem is selected to solve the Galerkin projection of the initial spectral
problem onto the reduced basis set.The numerical tests on BSE calculations for a number of
molecules confirm ε-rank bounds for the blocks of BSE matrix. They show that the above
scheme for the numerical solution of the BSE eigenvalue problem enables fast calculation of
the low part of the excitation spectra for compact moleculesup to small amino acids and finite
atomic chains [1,2].
[1] P. Benner, V. Khoromskaia and B.N. Khoromskij. A Reduced Basis Approach for Calculation of theBethe-
Salpeter Excitation Energies using Low-rank Tensor Factorizations. arXiv:1505.02696v1, 2015, submit-
ted.
[2] V. Khoromskaia and B.N. Khoromskij. Tensor Numerical Methods in Quantum Chemistry: from Hartree-
Fock to Excitation Energies. Physical Chemistry Chemical Physics, 2015, 17, 31491 - 31509.
[[3] V. Khoromskaia. Black-Box Hartree-Fock Solver by Tensor Numerical Methods. Comp. Methods Appl.
Math., Vol. 14 (2014) No.1, pp. 89-111. [
[4] V. Khoromskaia, B.N. Khoromskij and R. Schneider.Tensor-structured Calculation of the Two-electron
Integrals in a General Basis. SIAM J. Sci. Comp., 35 (2), A987-A1010, 2013.
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09.03.2016 08:50 Boris Khoromskij Altgebäude (Schleinitzstrasse), Raum SN19.3
Efficient tensor approximation of PDE-related large algebraic problems with hidden
structure
Boris Khoromskij (Max-Planck-Institute for Mathematics in the Sciences)
The method of quantized tensor train approximation (QTT) is proven to provide the loga-
rithmic data-compression on a wide class of discretized functions and operators [1,2]. This
allows to reformulate the discretization schemes for PDE based boundary-value and eigen-
value problems by using the low-rank QTT tensor approximation and then solve the resultant
multi-dimensional systems with the logarithmic computational complexity in the initial prob-
lem size [2].
We demonstrate how the method of QTT tensor approximation applies to the Hartree-Fock
eigenvalue problem for large 3D lattice-structured systems (electrostatic potential on a lattice
in electronic structure calculations) [3], the reduced basis approach to the Bethe-Salpeter spec-
tral problem (excitation energies) [4], and to FEM elliptic equations with highly-oscillating
coefficients (homogenization theory) [5].
The efficiency of the tensor approach is illustrated by numerical examples.
[1] B.N. Khoromskij. O(d logN)-Quantics Approximation of N-d Tensors in High-Dimensional Numerical Mod-
eling. J. Constr. Approx. v. 34(2), 257-289 (2011); (Preprint 55/2009 MPI MiS, Leipzig 2009).
[2] Boris N. Khoromskij. Tensor Numerical Methods for High-dimensional PDEs: Basic Theory and Initial
Applications. ESAIM: Proceedings and Surveys, Eds. N. Champagnat, T. Leliévre, A. Nouy. January 2015, Vol.
48, p. 1-28. http://dx.doi.org/10.1051/proc/201448001.
[3] V. Khoromskaia and B.N. Khoromskij. Tensor numerical methods in quantum chemistry: from Hartree-Fock
to excitation energies. Phys. Chem. Chem. Phys., 17:31491 - 31509, 2015.
[4] P. Benner, V. Khoromskaia and B. N. Khoromskij. A reduced basis approach for calculation of the Bethe-
Salpeter excitation energies using low-rank tensor factorizations. Preprint 32/2015 MPI MIS, Leipzig 2015
(submitted). E-preprint arXiv:1505.02696, 2015.
[5] B.N. Khoromskij and S. Repin. A fast iteration method for solving elliptic problems with quasiperiodic
coefficients. Russ. J. Numer. Anal. Math. Modelling 2015; 30 (6):329-344. DOI:10.1515/rnam-2015-0030.
http://personal-homepages.mis.mpg.de/bokh; bokh@mis.mpg.de
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09.03.2016 09:10 André Uschmajew Altgebäude (Schleinitzstrasse), Raum SN19.3
Interconnection of singular values arising from tensor matricizations
André Uschmajew (University of Bonn), Wolfgang Hackbusch ()
A higher-order tensor, when viewed as a hypermatrix or d-dimensional array, allows several
possible matricizations, that is, reshapes into matrices. The simultaneous decay of singular
values of some of these matricizations plays a crucial role for the approximability of the tensor
in certain low-rank formats like the (hierarchical) Tucker format or the tensor train format. It
is therefore an important and interesting question which simultaneous properties the singular
values of different tensor matricizations actually can have. More concretely, does there exist
a tensor with prescribed singular values for certain matricizations, as it is suggested from
counting the degrees of freedom? Such questions turn out to be surprisingly hard in general.
In this talk we will present some preliminary results regarding the singular values related to
the Tucker matricizations. It is shown that the singular values for these matricizations cannot
be totally independent from each other in general. However, numerical experiments suggest
that this is at least locally the case, and an alternating projection method is proposed for
constructing tensors with prescribed singular values (assuming their feasibility). Regarding
the related problem of describing tensors that have the same singular values in all Tucker
matricizations, it is known that orthogonal equivalence under multilinear matrix multiplication
is a sufficient condition. It is fairly easy to see that it is not necessary for tensors of order d≥ 3.
An explicit example of this phenomenon will be given.
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09.03.2016 14:30 Elisabeth Ullmann Altgebäude (Schleinitzstrasse), Raum SN19.3
Efficient Linear Algebra for Uncertainty Quantification
Elisabeth Ullmann (TU München)
The fast and efficient solution of discretised PDEs with random inputs and parameter-dependent
PDEs is an important building block of uncertainty quantification. Forward solves for a large
number of parameter configurations are required e.g. in optimisation loops, rare event esti-
mation, and Bayesian inversion. A diverse range of approximation schemes is available for
parameter-dependent and random PDEs (stochastic collocation, stochastic Galerkin, multi-
level and quasi Monte Carlo methods, reduced basis methods). However, the efficient solution
of the associated linear systems remains a significant challenge since these PDEs couple a
physical discretisation with a sample space which is often high-dimensional. We present an
overview of linear algebra aspects and tools for PDEs with random coefficients. In addition
we report on some of our own recent work on preconditioners for generalised saddle point
problems arising from a non-standard mixed formulation of a lognormal diffusion problem
(Ullmann & Powell, SIAM/ASA J. Uncert. Quant., 2015).
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09.03.2016 15:10 Ralf Zimmermann Altgebäude (Schleinitzstrasse), Raum SN19.3
On the condition number of Gaussian and exponential correlation matrices
Ralf Zimmermann (TU Braunschweig)
Spatial correlation matrices appear in a large variety of applications. For example, they are
an essential component of spatial Gaussian processes (aka spatial linear models, aka Kriging),
which are widely used in geostatistical problems and meteorological tasks and in the design
and analysis of computer experiments [1]. In radial basis function interpolation, Gaussian
correlation matrices arise frequently as interpolation matrices from the Gaussian radial kernel
function. In the field of data assimilation in numerical weather prediction, such matrices arise
as background error covariances.
In this talk we discuss the special position of the parametrized Gaussian correlation matrix
given by
RGauss(θ) =
(
exp(−θ‖xi− x j‖2
)
i, j ∈ Rn×n
as opposed to the remaining members of the family of exponential correlation matrices
Rexp(θ) =
(
exp(−θ‖xi− x j‖p
)
i, j ∈ Rn×n, 1≤ p< 2
for spatial data locations xi,x j ∈ Rd . We show that the condition number of RGauss grows at
least one order of magnitude faster than the condition number of Rexp(θ) for θ → 0. In the
univariate setting we can improve the growth estimate considerably: If xi,x j ∈ R , we show
that the condition number of RGauss(θ) grows at least as fast as 1/θm+1 for θ → 0, where m
is the largest integer such that m< (n−1)/2. The talk is based on the articles [2], [3].
References
[1] J. Sacks, W. J. Welch, T. J. Mitchell, and H. P. Wynn. Design and analysis of computer
experiments. Statistical Science, 4(4):409–423, 1989.
[2] R. Zimmermann. On the condition number anomaly of Gaussian correlation matrices.
Linear Algebra and its Applications, 466(1):512–526, 2015.
[3] R. Zimmermann. An improved estimate for the condition number anomaly of univariate
gaussian correlation matrices. ELA Electronic Journal of Linear Algebra, 30:592–598,
2015.
1337

09.03.2016 16:00 Serkan Gugercin Altgebäude (Schleinitzstrasse), Raum SN19.3
A New Selection Operator for DEIM and Extensions to Structure-preserving Model
Reduction
Serkan Gugercin (Virginia Tech.)
The performance of projection-based reduced models of large-scale nonlinear systems can
be degraded drastically by the need to lift the reduced state to the full state dimension in or-
der to evaluate the nonlinear term. The Discrete Empirical Interpolation Method (DEIM) is a
powerful and numerically efficient method to resolve this difficulty. In this presentation, we
will introduce a new framework for constructing the DEIM projection operator. In contrast to
the original formulation of DEIM where interpolation nodes are selected via a variant of LU
decomposition via partial pivoting, we will formulate the interpolation node selection proce-
dure using the QR factorization with column pivoting, leading to a sharper error bound for the
DEIM projection error. Furthermore, we show that the new selection operator is independent
of orthogonal basis transformations. We will show that in a large-scale setting, the new ap-
proach allows modifications that use only randomly sampled rows of the snapshot matrix, but
with the potential of producing good approximations with corresponding probabilistic error
bounds. Another salient feature of the new framework is that robust and efficient software im-
plementation is easily developed, based on readily available high performance linear algebra
packages. If time allows, we will also present a modification to DEIM that allows preserves
structure in model reduction of nonlinear port-Hamiltonian systems.
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09.03.2016 16:40 Manuela Hund Altgebäude (Schleinitzstrasse), Raum SN19.3
A connection between time domain model order reduction and moment matching
Manuela Hund (Max Planck Institute for Dynamics of Complex Technical Systems), Jens
Saak (Max Planck Institute for Dynamics of Complex Technical Systems)
The open literature provides a variety of projection based model order reduction (MOR) meth-
ods for linear input-output systems as
Ex˙(t) = Ax(t)+Bu(t), y(t) =Cx(t), (1)
with a regular matrix E ∈ Rn×n, as well as matrices A ∈ Rn×n,B ∈ Rn×p and C ∈ Rq×n.
Jiang and Chen introduced a unifying framework for time domain MOR based on general
families of orthogonal polynomials. Their method leads to a large linear system of equations
Hv= f . (2)
The solution vector v is used to compute the projection matrix for dimension reduction.
Searching for a reduced order model of order m, (2) has dimension m · n. Hence, (2) eas-
ily becomes too large to solve even on recent computers.
Since (2) is well structured, and also sparse if E and A are sparse matrices, Jiang and Chen
propose an iterative Jacobi-like solution method exploiting this structure. However, it is known
that this method often converges slowly. In addition, we can show that the matrix H in (2) is
not regular in general.
Exploiting the structure of H we show a connection to a Sylvester equation
AVO+EVP= F, (3)
where A and E denote the coefficient matrices in (1). O and P are structured, small and depend
only on the choice of the family of orthogonal polynomials. The right-hand side f and solution
vector v of (2) can be obtained by reshaping F and V stacking their columns on top of each
other.
Our approach computes the matrix V by solving a (regularized) Sylvester equation (3) rather
than the linear system (2).
Under mild conditions (see, e.g. Vandendorpe’s PhD thesis) this Sylvester equation is directly
connected to a rational Krylov subspace and hence to interpolatory MOR and moment match-
ing. Depending on the choice of orthogonal polynomials we show that these conditions are
always fulfilled or at least hold for all even/odd m, respectively.
In that case time domain model order reduction based on orthogonal polynomials is an interpo-
lation method with expansion points only depending on the choice of orthogonal polynomials,
not on characteristics of the system to reduce. Hence, this MOR method is necessarily inferior
to other reduction methods choosing their expansion points according to the system (e.g, the
iterative rational Krylov algorithm (IRKA)).
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09.03.2016 17:00 Anna Sauerbrei Altgebäude (Schleinitzstrasse), Raum SN19.3
On the Positive Definiteness of Cokriging Covariance Matrices
Anna Sauerbrei (TU Braunschweig), Ralf Zimmermann (TU Braunschweig)
Variable-fidelity modeling (VFM), sometimes also termed multi-fidelity modeling, refers to
the utilization of two or more data layers of different accuracy in order to construct an in-
expensive emulator of a given numerical high-fidelity model. In practical applications, this
situation arises when simulators of different accuracy for the same physical process are given
and it is assumed that many low-fidelity sample points are affordable, but the high-fidelity
model is extremely costly to assess. More precisely, the VFM objective is to construct a pre-
dictor function, which interpolates the primary sample data but driven by the trend indicated
by the secondary data. In view of the computational effort, it is tried to use as few high-fidelity
sample points as possible to achieve a desired level of accuracy.
A widely used VFM method is Cokriging. The technique yields the best linear unbiased es-
timator based on the given data, taking spatial correlation into account. One way to model
spatial correlation is via positive definite correlation kernels that yield positive definite corre-
lation matrices for distinct input sample points.
In this talk, we will address the positive definiteness of Cokriging correlation matrices that
are built of auto-correlation and cross-correlation blocks with respect to the given data layers.
We will show by a suitable parameter-transformation, which was suggested by Han et al. [1],
that positive definite correlation kernels also result in positive definite Cokriging covariance
matrices for distinct sample points.
In many practical use cases, low-fidelity samples are also available at the same parameter
locations as high-fidelity samples (but not vice versa). Taking these low-fidelity solutions
into account gives more information on the difference between low- and high-fidelity solu-
tions, which may effectively improve the accuracy of the variable-fidelity model. But this
also raises the problem of non-distinct input sample points, so that the Cokriging covariance
matrix becomes singular. In the aforementioned work [1], it was observed that scaling the
cross correlation blocks of the covariance matrix yields a positive definite covariance matrix
in practical applications. Here, we give a proof for this observation.
References
[1] Z.-H. Han, R. Zimmermann and S. Görtz: A New Cokriging Method for Variable-Fidelity
Surrogate Modeling of Aerodynamic Data. AIAA 2010–1225, 48th AIAA Aerospace Sci-
ences Meeting, January 4–7, Orlando, Florida (2010).
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09.03.2016 17:20 Elias Jarlebring Altgebäude (Schleinitzstrasse), Raum SN19.3
Iterative methods for the delay Lyapunov equation with T-Sylvester preconditioning
Elias Jarlebring (KTH Royal Institute of Technology), Federico Poloni ()
The delay Lyapunov equation is an important matrix boundary-value problem which arises
as an analogue of the Lyapunov equation in the study of time-delay systems x˙(t) = A0x(t)+
A1x(t − τ) + B0u(t). We propose a new algorithm for the solution of the delay Lyapunov
equation. Our method is based on the fact that the delay Lyapunov equation can be expressed
as a linear system of equations, whose unknown is the value U(τ/2) ∈ Rn×n, i.e., the delay
Lyapunov matrix at time τ/2. This linear matrix equation with n2 unknowns is solved by
adapting a preconditioned iterative method such as GMRES. The action of the n2×n2 matrix
associated to this linear system can be computed by solving a coupled matrix initial-value
problem. A preconditioner for the iterative method is proposed based on solving a T-Sylvester
equation MX +XTN = C, for which there are methods available in the literature. We prove
that the preconditioner is effective under certain assumptions. The efficiency of the approach
is illustrated by applying it to a time-delay system stemming from the discretization of a partial
differential equation with delay. Approximate solutions to this problem can be obtained for
problems of size which are considerably outside of capabilities of other existing methods for
the delay Lyapunov equation.
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09.03.2016 17:40 Jonas Denißen Altgebäude (Schleinitzstrasse), Raum SN19.3
Numerical solution to low rank perturbed Lyapunov equations by the sign function
method
Jonas Denißen (Max Planck Institute for Dynamics of Complex Technical Systems), Peter
Benner (Max Planck Institute for Dynamics of Complex Technical Systems)
We investigate the numerical solution to a low rank perturbed Lyapunov equation ATX+XA=
−Q via the sign function method. The sign function method has been proposed to solve
Lyapunov equations e.g. [1, 2], but here we focus on a framework where the matrix A has
a special structure, i.e. A = B+UCV T , where B can be cheaply inverted and UCV T is a
low rank perturbation. We show that this structure can be kept throughout the sign function
iteration but the rank of the perturbation doubles per iteration. Therefore, we apply a low
rank approximation on the perturbation in order to keep its numerical rank small. We discuss
the algorithms by performing a variety of numerical tests which include damper optimization.
The extension of the method to Sylvester equations is straightforward.
References
[1] P. Benner and E. S. Quintana-Ortí. Solving stable generalized Lyapunov equations with
the matrix sign function.Numer. Algorithms, 20(1):75–100, 1999.
[2] J. D. Roberts. Linear model reduction and solution of the algebraic Riccati equation by
use of the sign function. 32:677–687, 1980. (Reprint of Technical Report No. TR-13,
CUED/B-Control, Cambridge University, Engineering Department, 1971).
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10.03.2016 08:30 Martin Kuehn Altgebäude (Schleinitzstrasse), Raum SN19.3
Adaptive coarse spaces for FETI-DP in three dimensions
Martin Kuehn (Universitaet zu Koeln), Axel Klawonn (Universitaet zu Koeln), Oliver Rhein-
bach (TU Bergakademie Freiberg)
Second-order elliptic partial differential equations such as diffusion or elasticity problems
with materials having large discontinuities in the diffusion coefficients and the Young mod-
ulus, respectively, often yield ill-conditioned stiffness matrices when discretized by finite el-
ements. In the case of linear elasticity, almost incompressible components can also lead to
ill-conditionedness.
In this talk, an adaptive coarse space approach including a condition number bound for FETI-
DP methods applied to three dimensional problems with coefficient jumps inside subdomains
and across subdomain boundaries will be presented. The approach is based on a known adap-
tive coarse space approach by Mandel and Sousedík (2007) enriched by a small number of
additional local edge eigenvalue problems. For the coarse space by Mandel and Sousedík
(2007) a complete theory was still an open problem. We will give a condition number bound
for our new algorithm that only depends on geometrical constants and a prescribed tolerance
used in the computation of constraints.
If time allows, heuristic variants of our new coarse space will be presented that can save
a substantial amount of computational work by discarding certain eigenvalue problems and
constraints.
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10.03.2016 08:50 Azahar Monge Altgebäude (Schleinitzstrasse), Raum SN19.3
Convergence analysis of coupling iterations for the unsteady transmission problem with
mixed discretizations
Azahar Monge (Lund University), Philipp Birken (Lund University)
We consider thermal fluid structure modelling interaction. Examples are cooling of gas-
turbine blades or thermal anti-icing systems of airplanes. We specifically look at the thermal
barrier coated cooled rocket thrust chambers. This application is relevant because the sim-
ulation of several combustion cycles will allow to enhance the life time and/or optimize the
components for efficiency in an early stage of a development of cooled rocket thrust chambers.
Two partial differential equations are coupled at an interface to model the heat transfer between
fluid and structure. The standard algorithm to find solutions is the Dirichlet-Neumann itera-
tion, where the PDEs are solved separately using Dirichlet-, respectively Neumann boundary
conditions with data given by the other problem. Previous numerical experiments [1] show
that this iteration is fast, and while convergence condition is given in [4] no quantitative result
for the convergence rates exists.
As a model problem, we consider the coupling of two heat equations on two identical non
overlapping domains, the so-called transmission problem. Henshaw and Chand provided in
[2] a method to analyze stability and convergence speed of the Dirichlet-Neumann iteration for
the semi-discretized equations of the transmission problem. However, our numerical results
for the fully-discretized case are not completely covered by this analysis, and therefore, we
propose a complementary analysis for this case. The equations are discretized using two
different methods on each domain. A possibility would be to use FEM on one domain and
FDM or FVM on the other one. Besides, the implicit Euler method is used for the time
discretization.
In this context, the exact iteration matrix of the Dirichlet-Neumann method can be written
down. The norm of the iteration matrix approximates the spectral radius, i.e, the convergence
rates. Moreover, we can also estimate the asymptotic behaviour of the convergence rates when
both the spatial mesh size and the stepsize tend to 0. The resulting asymptotics are consistent
with previous work using finite differences for the discretization of the Laplacian on both
domains [3]. Numerical results are presented to illustrate the analysis.
1. P. Birken, T. Gleim, A. Meister and D. Kuhl. Fast solvers for unsteady thermal fluid
structure interaction. Int. J. Numer. Meth. Fluids, 79(1):pp. 16-29, 2015.
2. W.D. Henshaw and K.K. Chand. A composite grid solver for conjugate heat tranfer in
fluid-structure systems. J. Comp. Phys., 228:pp. 2708-3741, 2009.
3. A. Monge and P. Birken. Convergence speed of coupling iterations for the unsteady
transmission problem, in B. Schrefler, E. Oñate and M. Papadrakakis (Eds), COUPLED
PROBLEMS 2015, pp. 452-463.
4. A. Quarteroni and A. Valli. Domain decomposition methods for partial differential
equations, Oxford Science Publications, 1999.
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10.03.2016 09:10 Ingo Münch Altgebäude (Schleinitzstrasse), Raum SN19.3
Invariance conditions in linear gradient elasticity from spatial and referential frame
rotation
Ingo Münch (Karlsruhe Institute of Technology), Patrizio Neff (Universität Duisburg-Essen)
We investigate frame-indifference together with referential isotropy and apply this joint in-
variance condition to linear gradient elasticity. Thus, true rotational transformation is applied
to a linear model. It is shown that when starting with a linear model defined already in the in-
finitesimal symmetric strain ε = symGrad[u], the new invariance condition requires isotropy
of the linear formulation. Therefore, it may be used also in higher gradient elasticity for a
simple check of isotropy. In this respect variational formulations of the indeterminate couple
stress model, a new variant of it and general gradient elasticity are considered.
We define a transformation of the deformation ϕ to new spatial and referential coordinates via
ϕ](ξ ) =Qϕ(QT ξ ) =Qϕxwithξ =Qx.
Then it obtains Gradξ [ϕ](ξ )]=QGradx[ϕ(QT ξ )]QT , andCξ =Gradξ [ϕ](ξ )]T Gradξ [ϕ](ξ )]=
QGradx[ϕx]T Gradx[ϕx]QT =QCxQT .
Gathering our findings we state: The nonlinear hyperelastic formulation is frame-indifferent
and isotropic, if and only if there exists Ψ : Sym+(3)→ R such that W (F) = Ψ(FT F) holds
and W (Gradξ [ϕ](ξ )]) =W (Gradx[ϕ(x)]) ⇔ Ψ(QCQT ) =Ψ(C)∀Q ∈ SO(3).
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10.03.2016 13:30 Sabine Le Borne Altgebäude (Schleinitzstrasse), Raum SN19.3
Hierarchical matrices in scattered data approximation
Sabine Le Borne (Hamburg University of Technology)
A scattered data interpolation problem might be stated as follows: Given data {(xi,yi) | 1 ≤
i ≤ N} with data sites xi ∈ Rd and measurements yi ∈ R and (spatial dimension) d, (number
of data) N ∈ N, find a function s ∈ SX such that s(xi) = yi, i = 1, . . . ,N. Here, SX denotes
an N-dimensional linear space of (continuous) functions that (typically) depends on the data
sites X = {x1, . . . ,xN}. A common approach to compute the interpolant s is to use a ba-
sis {b1(·), . . . ,bN(·)} of SX and to determine the coefficient vector c = (c1 . . .cN)T in s(x) =
∑ni=1 cibi(x) as the solution of the linear system of equations Bc= y with B= (bi j) = (b j(xi))
and y= (y1 . . .yN)T .
While properties of the matrix B ∈ RN×N obviously depend on the choice of function space
SX and choice of basis, several of the most commonly used approaches yield ill-conditioned,
dense matrices B, resulting in a challenge to solve the linear system Bc= y which is the topic
of this talk.
In particular, we study the application of techniques from theH -matrix framework both for
the approximation of the system matrix B itself as well as for the construction of precon-
ditioners. H -matrices provide a data-sparse matrix format that permits storage and matrix
arithmetic in complexity O(N logα N) for moderate α . Key ingredients to the successful ap-
plication ofH -matrices are a recursively refined matrix block structure and low rank approx-
imation of matrix data within (many of) such matrix blocks. It turns out that several typical
sets of basis functions from the (scattered data) literature lead to matrices B that fit into this
H -matrix framework, yielding a cost-effective approximation scheme to be illustrated in this
talk.
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10.03.2016 14:10 Alexander Litvinenko Altgebäude (Schleinitzstrasse), Raum SN19.3
Hierarchical matrix technique for maximum likelihood covariance estimation
Alexander Litvinenko (KAUST), Marc Genton (KAUST), Ying Sun (KAUST), David Keyes
(KAUST)
The class of Matérn covariance functions becomes very popular in spatial statistics and espe-
cially in geostatistics. We assume that there is a vector of measurements with a covariance
matrixC(σ2,ν , l) with uncertain variance σ2, smoothness parameter ν and covariance length
l. The task is to use these measurements to estimate uncertain parameters (σ2,ν , l). We do it
by maximizing the log-likelihood function. On each iteration of the maximization algorithm
we need to (re)compute the covariance matrix C, compute its determinant and its Cholesky
decomposition for a new/current parameter set. To speed up the solution process of the op-
timization problem we approximate the covariance matrix by the hierarchical (H −) matrix
technique. TheH -matrix format has a log-linear computational cost and storage O(kn logn),
where rank k n is a small integer.
1357

10.03.2016 14:30 Alexander Heinlein Altgebäude (Schleinitzstrasse), Raum SN19.3
A parallel implementation of the approximate component mode synthesis special finite
element method in two dimensions
Alexander Heinlein (Universität zu Köln), Axel Klawonn (Universität zu Köln), Oliver Rhein-
bach (Technische Universität Bergakademie Freiberg)
A special finite element method based on approximate component mode synthesis (ACMS)
was introduced in Hetmaniuk and Lehoucq (2010). ACMS was developed for second order
elliptic partial differential equations with rough or highly varying coefficients. In this talk, a
parallel implementation of ACMS is presented and parallel scalability issues are discussed for
representative examples. Additionally, a parallel domain decomposition preconditioner(FETI-
DP) is applied to solve the ACMS finite element system. Weak parallel scalability results for
ACMS are presented for up to 1024 cores. Our numerical results also suggest a quadratic–logarithmic
condition number bound for the preconditioned FETI-DP methodapplied to ACMS discretiza-
tions.
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10.03.2016 14:50 Martin Lanser Altgebäude (Schleinitzstrasse), Raum SN19.3
Scalability of Classical Algebraic Multigrid for Elasticity to Half a Million Parallel
Tasks
Martin Lanser (Universität zu Köln), Allison H. Baker (National Center for Atmospheric
Research, USA), Axel Klawonn (Universität zu Köln), Tzanio Kolev (Lawrence Livermore
National Laboratory, USA), Oliver Rheinbach (TU Bergakademie Freiberg), Ulrike Meier
Yang (Lawrence Livermore National Laboratory, USA)
Classical Algebraic Multigrid (AMG) methods were originally designed for scalar partial dif-
ferential equations and usually assume that the nullspace of the operator is one-dimensional
and constant. This assumption does not hold for many systems of PDEs, e.g., elasticity prob-
lems, where the nullspace consists of three (in 2D) or six (in 3D) rigid body modes, which
comprise translations and rotations.
In this talk, the parallel performance of several classical AMG methods applied to linear elas-
ticity problems will be compared. These methods include standard approaches such as the
unknown approach and the hybrid approach as well as the global matrix (GM) and the local
neighborhood (LN) approach. The GM and LN approach can improve AMG convergence by
incorporating rigid body modes into the AMG interpolation operator.
Numerical experiments for various two- and three-dimensional elasticity problems using up to
131 072 cores with up to 262 144 MPI processes on the Vulcan supercomputer (LLNL, USA)
and up to 262 144 cores and 524 288 MPI processes on the JUQUEEN supercomputer (JSC,
Jülich, Germany) will be presented. It will be demonstrated that the incorporation of all rigid
body modes into the interpolation leads generally to better convergence and scalability.
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10.03.2016 15:10 Axel Klawonn Altgebäude (Schleinitzstrasse), Raum SN19.3
Nonlinear Preconditioners - Towards Computing on the Extreme Scale
Axel Klawonn (Universität zu Köln), Martin Lanser (Universität zu Köln), Oliver Rheinbach
(TU Bergakademie Freiberg)
For a few decades already, Newton-Krylov algorithms with suitable preconditioners such as
domain decomposition (DD) or multigrid (MG) methods (Newton-Krylov-DD or Newton-
Krylov-MG) have been the workhorse for the parallel solution of nonlinear implicit problems.
In these methods the nonlinear problem is first linearized and then decomposed. By changing
the order of these operations, new algorithms with increased locality and reduced communi-
cation are obtained. Computational results combining domain decomposition with multigrid
methods on several hundred thousand BG/Q cores will be shown.
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10.03.2016 17:00 Marcel Schweitzer Altgebäude (Schleinitzstrasse), Raum SN19.3
A two-sided short-recurrence extended Krylov subspace method for nonsymmetric ma-
trices
Marcel Schweitzer (Bergische Universität Wuppertal)
Given a matrix A ∈ Rn×n and a a vector b ∈ Rn, it is well known that an orthonormal basis of
the (polynomial) Krylov subspaceKm(A,b) = span{b,Ab, . . . ,Am−1b} can be constructed via
the short-recurrence Lanczos process if A is symmetric, but that there are in general no short
recurrences when A is nonsymmetric.
In this case, one can resort to the two-sided Lanczos process, which, given a vector c ∈ Rn
such that 〈b,c〉 6= 0, constructs bi-orthonormal bases of Km(A,b) and Km(AT ,c) via three-
term recurrences. This is particularly attractive when one wants to approximate a bilinear
form
cT f (A)b, (1)
and one can prove that the resulting approximation
cT f (A)b≈ eT1 f (Tm)e1,
where Tm denotes the tridiagonal matrix from the two-sided Lanczos process, is exact if f is a
polynomial of degree at most 2m−1.
For extended Krylov subspaces Em(A,b) = span{A−mb, . . . ,A−1b,b,Ab, . . . ,Am−1b}, which
are known to be well-suited to approximate f (A)b for large classes of functions, the situation
is similar in the symmetric case, as one can compute an orthonormal basis by a five-term
recurrence.
In this talk, we present a generalization of the two-sided Lanczos method to extended Krylov
subspaces, thus building bi-orthonormal bases for Em(A,b) and Em(AT ,c) via five-term recur-
rences.
In addition to giving algorithmic details, we prove that the resulting approximation to a bilinear
form (1) is exact for Laurent polynomials of numerator and denominator degree at most 2m−1
and 2m, respectively, i.e., for f (z)∈ span{z−2m, . . . ,z−1,1,z, . . . ,z2m−1} and present numerical
experiments illustrating the developed theory and the quality of the resulting approximations
for (1).
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10.03.2016 17:20 Kirk Soodhalter Altgebäude (Schleinitzstrasse), Raum SN19.3
Stagnation of block GMRES and its relationship to block FOM
Kirk Soodhalter (Johannes Kepler University)
The generalized minimum residual method (GMRES) and full orthogonalization method (FOM)
are two closely-related Krylov subspace iterative methods for solving non-Hermitian linear
systems with a single right-hand side of the form
Ax= b with A ∈ Rn×n and b ∈ Cn.
Analysis has shown that the approximations produced by these two methods is linked, and
in the case that the GMRES method stagnates at iteration j, the jth FOM iteration does not
exist.
There has been increased interest in block generalizations of Krylov subspace methods, meant
for solving systems with many right-hand sides, where the single right-hand side b becomes
B ∈ Cn×p with p > 1. Natural generalizations of GMRES and FOM have been proposed in
this setting. In this talk, we show that the relationship of GMRES and FOM can be extended to
the block solver setting. This is a bit more complicated than the single right-hand side setting
as one must generalize the concept of GMRES stagnation to fit into the block setting, and the
case of breakdown of the block Arnoldi process must also be analyzed in this context.
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10.03.2016 17:40 John Pearson Altgebäude (Schleinitzstrasse), Raum SN19.3
Fast Interior Point Solvers for PDE-Constrained Optimization
John Pearson (University of Kent)
In this talk we present a fast and practical method for solving PDE-constrained optimization
problems, with additional bound constraints on the state and control variables. We do this by
writing the discretized problem in quadratic programming form, and then applying an interior
point method, which is extremely effective at handling such formulations.
Crucial to the utility of our approach is the construction of powerful solvers for the matrix sys-
tems arising from each Newton step of the interior point method. Within this talk, we consider
the development of preconditioned iterative methods for the saddle point systems involved,
and discover that our methodology leads to fast and robust solvers for many problems.
We demonstrate the potency of our approach using a range of examples, including time-
independent and time-dependent PDEs, and a number of variations on the bound constraints.
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10.03.2016 18:00 Philipp Birken Altgebäude (Schleinitzstrasse), Raum SN19.3
Jacobian-free smoothers in multigrid methods for unsteady flows
Philipp Birken (Lund University), Jonathan Bull (Uppsala University), Antony Jameson
(Stanford University)
We consider multigrid methods for unsteady compressible flow problems. Thereby, we have
in mind Large Eddy Simulations (LES) using high order methods. These require implicit
time integration methods, fast parallel solvers and, due to hardware trends, methods that use
little memory [5, 1]. A big step forward would be a fast multigrid method with Jacobian-free
smoothers. This could be used as a solver in itself, or as a preconditioner in a Jacobian-free
Newton-Krylov (JFNK) method [4, 3].
Thus, we analyze the potential of different classes of smoothers, e.g. explicit Runge-Kutta
methods, additive Runge-Kutta methods and Rosenbrock-type smoothers with a finite number
of Krylov steps. In particular, we discuss how many evaluations of convective respectively
viscous are needed to obtain a certain smoothing factor. The analysis is based on model
problems, meaning discretized convection diffusion equations. Based on this, we present
robust and fast optimal multigrid smoothers, following the methodology in [2].
References
[1] P. Birken. Numerical Methods for the Unsteady Compressible Navier-Stokes Equations.
Habilitation Thesis. University of Kassel, 2012.
[2] P. Birken. Optimizing Runge-Kutta smoothers for unsteady flow problems. ETNA,
39:298–312, 2012.
[3] P. Birken, G. Gassner, M. Haas, and C.-D. Munz. Preconditioning for modal discontinuous
Galerkin methods for unsteady 3D Navier-Stokes equations. J. Comp. Phys., 240:20–35,
2013.
[4] D. A. Knoll and D. E. Keyes. Jacobian-free Newton-Krylov methods: a survey of ap-
proaches and applications. J. Comp. Phys., 193:357–397, 2004.
[5] P. E. Vincent and A. Jameson. Facilitating the Adoption of Unstructured High-Order
Methods Amongst a Wider Community of Fluid Dynamicists. Math. Model. Nat. Phe-
nom., 6(3):97–140, 2011.
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10.03.2016 18:20 Karsten Kahl Altgebäude (Schleinitzstrasse), Raum SN19.3
Optimal Interpolation in Algebraic Multigrid Methods
Karsten Kahl (Bergische Universität Wuppertal)
Algebraic multigrid methods have proven to be reliable and efficient methods for the solution
of large sparse linear systems of equations in many different application areas and their the-
oretical foundation has been studied extensively. Though, there remains a mismatch between
practical implementations and theory. On one hand many algebraic multigrid constructions
successfully used in practice do not allow for a precise theoretical analysis. And on the other
hand there is abstract theory, which at least in the two-grid case, gives exact predictions of
the convergence rate, but does not hint at the proper construction of the constituents of the
method. In this talk we try to bridge this gap between theory and practice.
In this talk we derive, based on the exact two-grid theory, an optimal interpolation operator
for two-grid algebraic multigrid methods. We show that it matches the exact convergence
rate of the theory and is in agreement with the limiting cases of the theory, namely when the
two-grid method becomes an exact solve. As a side-product we obtain a relation between
the convergence rate of the optimal two-grid method and the dimension of the coarse-grid
space. Equipped with the information on its dimension, we develop a method that locates
representatives of the coarse-grid degrees of freedom that allow for a sparse approximation of
the optimal interpolation operator. This analysis thus indicates if a practical method, which
prescribes the sparsity of interpolation can achieve a near-optimal convergence rate.
While the optimal interpolation is an interesting theoretical tool, which reveals a lot of in-
formation about the problem and the constituents of the two-grid method, its direct practical
use is limited. Thus we finish the talk by presenting ideas on how to integrate the concept of
optimal interpolation into the Bootstrap algebraic multigrid framework and present numerical
results for a variety of applications.
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10.03.2016 18:40 Nils Kintscher Altgebäude (Schleinitzstrasse), Raum SN19.3
Geometric Multigrid for the tight-binding Hamiltonian of Graphene
Nils Kintscher (Bergische Universität Wuppertal), Karsten Kahl (Bergische Universität Wup-
pertal)
Since the Nobel prize has been awarded in 2010 for the isolation of graphene, research on
this miraculous 2-dimensional material has flourished. In order to calculate the electronic
properties of graphene structures a tight-binding approach can be used. The resulting discrete
eigenvalue problem leads to linear systems of equations that are maximally indefinite and
possess a Dirac pseudo-spin structure. In this talk we present a spin-preserving geometric
multigrid approach for these linear systems and show its scalability with respect to several
geometric parameters.
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11.03.2016 08:30 Jörg Liesen Altgebäude (Schleinitzstrasse), Raum SN19.3
Numerical computation of the conformal map onto lemniscatic domains
Jörg Liesen (TU Berlin)
In 1956, Walsh published a paper that proved the existence of a conformal map from multiply
connected domains in the extended complex plane onto lemniscatic domains. He thus obtained
a direct generalization of the classical Riemann mapping theorem from simply to multiply
connected domains. In this talk we will describe a recently developed numerical method
for computing Walsh’s map, which involves solving boundary integral equations with the
Neumann kernel.
The computation of the map is of interest in the numerical linear algebra context, because it
yields important quantities such as the Green’s function with pole at infinity or the asymptotic
convergence factor of a given compact set that consists of several simply connected compo-
nents. These have been used, for example, in the convergence analysis of (semi-)iterative
methods for solving linear algebraic systems and of polynomial restart Krylov methods for
computing matrix eigenvalues. In addition, the computation of the map itself requires the so-
lution of nonsymmetric linear algebraic systems with a discretized integral operator. Here we
obtain interesting examples for studying the relation between the convergence of the GMRES
method and the eigenvalues of the discretized operator.
The talk is based on joint work with Mohamed M. S. Nasser (Qatar University) and Olivier
Sète (TU Berlin).
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11.03.2016 08:50 Vjeran Hari Altgebäude (Schleinitzstrasse), Raum SN19.3
On the Global Convergence of the Block Jacobi Method
Vjeran Hari (University of Zagreb), Erna Begovic´ Kovacˇ (University of Zagreb)
We study the global convergence of the block Jacobi method for symmetric matrices. Given a
symmetric matrix A of order n, and a partition pi = (n1,n2, . . . ,nm) of n with ni ≥ 1, 1≤ i≤m,
n1+ · · ·+nm = n, the method generates a sequence of matrices by the rule A(k+1) =UTk A(k)Uk,
k ≥ 0, where Uk are orthogonal elementary block matrices. Using the block-matrix partition
A = (Ai j), where each Aii is of order ni, at each step the method annihilates two off-diagonal
blocks and diagonalizes the corresponding two diagonal blocks. If pi = (1,1, . . . ,1), the block
method reduces to the standard one.
We consider 4 classes of cyclic pivot strategies and for each one we provide an appropriate
global convergence proof. One of these classes includes as a minor part the well-known serial
strategies and those which are equivalent to them. The results are obtained in the stronger
form: S(A′) ≤ cnS(A), where A′ is the matrix obtained from A after one full cycle, cn < 1 is
a constant depended just on n and S(A) is the off-norm of A. The obtained results notably
enlarge the set of “convergent” cyclic strategies, namely those for which there exist global
convergence proofs. This is true even for pi = (1,1, . . . ,1). As a consequence, in the case
n = 4, one can prove that each of the 720 cyclic strategies is convergent.
Next, we study the quasi-cyclic strategies, which generalize the considered cyclic strategies.
They are important because they can accelerate the usual serial Jacobi methods (e.g. see the
LAPACK implementation of the method). We prove quite similar results for the appropriate
classes of quasi-cyclic strategies.
Different techniques are used, including the theory of block Jacobi operators.
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11.03.2016 09:10 Ann-Kristin Baum Altgebäude (Schleinitzstrasse), Raum SN19.3
Topological solvability and index criteria for Differential-Algebraic Equations modeling
liquid flow networks
Ann-Kristin Baum (Johann Radon Institute for Computational and Applied Mathematics (RI-
CAM))
We consider the modeling and simulation of liquid flow networks as they arise, e.g., in the
modeling and simulation software of the automotive industry. Considering for example the
cooling and lubrication circuit, the goal is to simulate the pressure and temperature distribution
throughout different, user-defined flow networks.
To allow for a flexible, automatic and user-friendly modeling, the model is set up from basic
components like pipes, junctions, pumps and tanks. Each component comes with a charac-
teristic type of equation, algebraic or differential, while the connection structure is captured
by representing the network as a graph. In combination, this leads to a Differential-Algebraic
Equation (DAE) modeling the dynamics of the network. This approach is similar to the Mod-
ified Nodal Analysis of electric circuits or the modeling of gas transport networks.
To check the physical validity of the model, the DAE is analyzed with regard to its solvability.
Using the concept of the strangeness-index, we employ the structural information to specify
the set of consistent initializations and to derive conditions, for which the corresponding initial
value problem is uniquely solvable. Exploiting the underlying graph representation, we can
interpret these conditions as requirements on the network structure and its elements. In a
simulation, this allows for a pre-simulation model check, including constructive hints for the
user how to set up a well-posed model.
Besides checking the validity of the model, our analysis allows to construct a surrogate DAE
having the same solutions as the original higher index DAE but which is of differentiation
index 1, hence can be solved with the same order of accuracy as ODEs. Exploiting the graph
representation once more, this surrogate model can be constructed exclusively using topolog-
ical information.
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08.03.2016 08:30 Marco Zank Pockelsstrasse 11/Haus der Wissenschaft, Raum PK11.1
Time-Domain Boundary Integral Equations for the Wave Equation
Marco Zank (TU Graz)
For the discretisation of the wave equation by boundary element methods the starting point is
the so-called Kirchhoff’s formula, which is a representation formula by means of boundary
potentials. In this talk different approaches to derive weak formulations of related boundary
integral equations are considered. First, weak formulations based on the Laplace transform
and second, time-space energetic formulations are introduced. In both cases coercivity is
shown in appropriate Sobolev spaces.
Finally, some numerical examples are presented and discussed.
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10.03.2016 17:00 Kersten Schmidt Pockelsstrasse 11/Haus der Wissenschaft, Raum
PK11.1
Asymptotic expansion techniques for singularly perturbed boundary integral equations
Kersten Schmidt (Technische Universität Berlin), Ralf Hiptmair (ETH Zürich)
We will consider singularly perturbed elliptic transmission problems in the framework of
boundary integral equations and boundary element Galerkin discretisations. For this we demon-
strate the use of asymptotic expansion techniques both for establishing regularity results for
the solution and for deriving a priori error estimates for boundary element discretisation. The
dependence of the corresponding bounds on the singular perturbation parameter is studied in
detail. This dependence clearly manifests itself in numerical experiments.
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08.03.2016 09:10 Philipp Schulze Pockelsstrasse 11/Haus der Wissenschaft, Raum
PK11.1
The shifted proper orthogonal decomposition: A mode decomposition for multiple
transport phenomena
Julius Reiss (TU Berlin), Philipp Schulze (TU Berlin), Jörn Sesterhenn (TU Berlin)
Model-based optimization, control, and parameter studies of complex physical systems of-
ten require reduced-order models to ensure feasibility and efficiency. In this context a lot of
efforts have been made to develop and to improve model reduction techniques. Neverthe-
less, transport-dominated phenomena still provide a challenge for common model reduction
approaches.
In this talk, we present a model reduction technique, which extends the proper orthogonal
decomposition (POD) by introducing time-dependent shifts of a snapshot matrix. The method
is called shifted proper orthogonal decomposition (sPOD) and it features a data-driven detec-
tion of multiple transport velocities and their separation. The performance of the sPOD and
its superiority in comparison with the POD are illustrated by one- and two-dimensional test
examples. We also present first results applying the sPOD to a reactive flow setting, which
features challenging transport-phenomena as a shock wave.
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08.03.2016 17:00 Olaf Steinbach Pockelsstrasse 11/Haus der Wissenschaft, Raum PK11.1
Space–time finite and boundary element methods for parabolic problems
Olaf Steinbach (TU Graz)
In most cases, finite and boundary element methods for time–dependent partial differential
equations rely on time–stepping schemes. Although such an approach allows for a subsequent
solution of the discrete system, it may not reflect the behavior of the solution properly, at
least from an approximation point of view. For the model problem of the heat equation we
will consider finite and boundary element methods with respect to general decompositions of
the space–time domain and its boundary into finite and boundary elements, respectively. In
particular, such an approach allows for an adaptive refinement simultaneously in space and
time. Moreover, the global solution of the overall space–time system can be done in parallel,
in contrast to more standard time discretization schemes. Here we will present a stability
and error analysis of space–time finite and boundary element methods, and we present some
numerical results which indicate the potential of the proposed approach.
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08.03.2016 17:20 Johanna Rubisch Pockelsstrasse 11/Haus der Wissenschaft, Raum
PK11.1
A Discontinuous Galerkin Method for Fractional Differential Equations
Johanna Rubisch (TU Dresden)
Fractional calculus became a more and more important field of mathematics in the recent
years. Many researchers approach fractional differential equations with finite difference meth-
ods. We investigate the numerical treatment of fractional derivatives using a discontinuous
Galerkin approach. This is a popular discretisation method for integer ODEs.
We consider a class of parabolic differential equations where the time derivative is fractional.
The most common definitions for fractional derivatives, the Riemann-Liouville and Caputo
derivative, as well as a third definition are considered. Different types of initial value state-
ments are investigated for the extended discontinuous Galerkin method.
We obtain numerical results on the order of convergence for both space-time and time-only
problems in the L2 and H1 norms. We compare the classical discontinuous Galerkin method
with our adapted approach and show results for the different types of fractional derivatives.
A keystone in the further research is the development of analytical tools for theoretical con-
vergence results.
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08.03.2016 17:40 Christoph Erath Pockelsstrasse 11/Haus der Wissenschaft, Raum
PK11.1
A non symmetric FVM-BEM coupling method
Christoph Erath (TU Darmstadt, Germany), Günther Of (TU Graz, Austria), Francisco-
Javier Sayas (Uni. Delaware, USA)
In many fluid mechanics problems the boundary conditions may be unknown, or the domain
may be unbounded. Also mass conservation and stability with respect to dominating convec-
tion is substantial. To address these issues the coupling of the vertex-centered finite volume
method (FVM) and the boundary element method (BEM) was recently shown to be an efficient
and computational cheap method to solve such problems [2, 3, 4]. In this talk we focus on the
new non-symmetric FVM-BEM coupling approach [1], which results in a smaller system of
linear equations than the previous three field FVM-BEM couplings [2, 3]. More precisely, we
consider the prototype model for flow and transport of a concentration in porous media in an
interior domain and couple it with a diffusion process in the corresponding unbounded exterior
domain. One can also interpret that the (unbounded) exterior problem “replaces” the bound-
ary conditions of the interior problem. The FVM-BEM discretisation of this model problem
provides naturally conservation of local fluxes and with an upwind option also stability in the
convection dominated case. Note that the coupling with BEM avoids the truncation of the un-
bounded exterior domain. We aim to provide a first rigorous analysis of the discrete system for
different model parameters; stability, convergence, and a priori estimates. This includes the
use of an implicit stabilization, known from the finite element and boundary element method
coupling, but here extended to the different interior problem. We remark that the stabiliza-
tion is only needed for theoretical purposes. Numerical examples illustrate the strength of
the chosen method. Some comparisons with the three field FVM-BEM coupling conclude the
presentation.
References
[1] C. Erath, G. Of, and F.-J. Sayas: A non-symmetric coupling of the finite vol-
ume method and the boundary element method. Preprint (2015), available online:
http://arxiv.org/abs/1509.00440.
[2] C. Erath: Coupling of the finite volume element method and the boundary element
method: an a priori convergence result.SIAM J. Numer. Anal. 50(2), 574–594 (2012).
[3] C. Erath: A posteriori error estimates and adaptive mesh refinement for the coupling
of the finite volume method and the boundary element method. SIAM J. Numer. Anal.
51(3), 1777–1804 (2013).
[4] C. Erath: A new conservative numerical scheme for flow problems on unstructured grids
and unbounded domains. J. Comput. Phys. 245, 476–492 (2013).
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08.03.2016 18:00 Thomas Leitz Pockelsstrasse 11/Haus der Wissenschaft, Raum PK11.1
Multisymplectic variational integrators for PDEs of geometrically exact beam dynamics
using algorithmic differentiation
Thomas Leitz (University of Erlangen-Nuremberg), Sigrid Leyendecker (University of
Erlangen-Nuremberg)
For the simulation of geometrically exact beam dynamics [4], a multisymplectic Lie-group
variational integrator [3] is derived. Based on the implementation of the discrete Lagrangian,
algorithmic differentiation is used in the computation of both, the discrete Euler-Lagrange
equations, and the Jacobi matrix needed for the Newton-Raphson iteration. Using s, t ∈ R
as arc-length and time paramters, translational degrees of freedom of the cross-sections are
parameterized using three-dimensional vectors x(s, t) ∈ R3 and rotational degrees of freedom
are parameterized using unit-quaternions p(s, t)∈H1. The Lagrange density for geometrically
exact beams L(p,ω,Ω,x, x˙,x′,s) is given in terms of the translational velocities and strains
x˙= ddt x and x
′ = ddsx and rotational velocities and strains ω = 2 p¯p˙ and Ω= 2p¯p
′. Hamilton’s
principle leads to the continuous Euler-Lagrange equations in the form of partial differential
equations.
The discrete Lagrangian L ja is an approximation of the action integral of an element in a regu-
lar spacetime grid and the discrete action Sd is the sum over all discrete Lagrangians covering
spacetime. Positions are interpolated bilinearly and for the rotations, we use quaternion linear
blending (QLB) and subsequent differentiation with respect to s and t in order to derive dis-
crete velocities and strains. According to the discrete Hamilton’s principle, the variation of the
discrete action vanishes, i.e. δSd = 0, while holding the boundaries of spacetime fixed. This
leads to the coupled mixed frame discrete Euler-Lagrange equations These form the variational
integrator and are implemented using the C++ algorithmic differentiation library CppAD [1]
in conjunction with the linear algebra library Eigen [2]. This object oriented approach leads
to rapid development of new integrators through the combination of the expressive syntax
of Eigen and the elimination of the need for symbolic derivatives by algorithmic differentia-
tion.
References
[1] B. M. Bell. CppAD: a package for C++ algorithmic differentiation. Computational In-
frastructure for Operations Research, 2012.
[2] Gaël Guennebaud, Benoît Jacob, and others. Eigen v3. 2010.
[3] Jerrold E. Marsden, George W. Patrick, and Steve Shkoller. Multisymplectic Geometry,
Variational Integrators, and Nonlinear PDEs. Communications in Mathematical Physics,
199:351–395, December 1998.
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08.03.2016 18:20 Robert Altmann Pockelsstrasse 11/Haus der Wissenschaft, Raum
PK11.1
On the Rothe Method Applied to Operator DAEs
Robert Altmann (TU Berlin)
The application of the Rothe method to time-dependent PDEs, i.e., to discretize in time first,
is popular in the finite element community. With this approach, adaptive FEM schemes may
be applied to the resulting stationary PDEs in each time step.
For constrained systems, which may be seen as differential-algebraic equations (DAEs) in
an abstract setting, instabilities may occur. This lack of robustness already appears in the
finite-dimensional case in which regularization techniques are well-established. In this talk,
we use a similar extension for the PDE case which eliminates the stability issues and allows
the application of the Rothe method.
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08.03.2016 18:40 Joachim Rang Pockelsstrasse 11/Haus der Wissenschaft, Raum PK11.1
High order time-adaptive methods for the incompressible Navier-Stokes equations
Joachim Rang (TU Braunschweig)
Several classes of time stepping schemes are available for the simulation of incompressible
fluids. In this talk we concentrate on implicit Runge–Kutta methods since these methods allow
an easy implementation of adaptive timestep control and higher order approximations.
In the case of implicit Runge–Kutta methods a high dimensional nonlinear system of equations
has to be solved. This system can be transformed into smaller ones if the simplified Newton
method is used. Then the solution of the linear systems can be computed in parallel with the
help of the Component Template Library (CTL).
Finally we apply these methods on the benchmark example from Turek and Schäfer, where
we compare different Radau and Lobatto methods.
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09.03.2016 08:30 Theresa Wenger Pockelsstrasse 11/Haus der Wissenschaft, Raum
PK11.1
Variational integrators of higher order for constrained dynamical systems
Theresa Wenger (University of Erlangen-Nuremberg), Sina Ober-Blöbaum (University of Ox-
ford), Sigrid Leyendecker (University of Erlangen-Nuremberg)
Variational integrators of higher order for systems with holonomic constraints are constructed
and analysed. The idea builds up on the variational integrators of higher order for uncon-
strained systems in [2] and on the constrained Galerkin methods that are presented in [1].
The integrators base on a discrete version of the variational principle of Lagrangian mechan-
ics. The Lagrangian L of a mechanical system is the difference of the kinetic energy T and the
potentialV . In presence of holonomic constraints g(q)∈Rm, the scalar product−g(q) ·λ aug-
ments the Lagrangian whereby λ ∈ Rm is the Lagrange multiplier. The so called augmented
Lagrangian L¯ : TQ×Rm→ R is defined by
L¯(q, q˙,λ ) = L(q, q˙)−g(q) ·λ
The idea of the approach is to approximate the continuous curves of the configuration q and
the Lagrange multiplier λ via different polynomials. The action integral of the augmented
Lagrangian is approximated via appropriate quadrature formulas. The splitting of the aug-
mented Lagrangian in the two parts Lagrangian and scalar product g(q) ·λ enables the use of
different quadrature formulas for each part. Requiring stationarity of the corresponding ap-
proximation of the action S¯ yields the higher order constrained discrete Euler-Lagrange equa-
tions. Conditions on the degrees of the polynomials, the polynomial control points and the
orders of the quadrature formulas are formulated to reach linear independence of the discrete
Euler-Lagrange equations and to obtain stiffly accurate integrators. The time reversibility and
the structure-preserving properties of the constructed integrators are shown analytically and
demonstrated by numerical examples. The convergence orders are investigated numerically.
A comparison with existing methods for index 3 DAEs embeds the constructed variational
integrators into existing works and reveals the differences.
References
[1] J. Marsden and M. West, Discrete mechanics and variational integrators. Acta Numerica
10 (2001), 357–514.
[2] S. Ober-Blöbaum and N. Saake, Construction and analysis of higher order Galerkin vari-
ational integrators. Advances in Computational Mathematics 41(6) (2015), 955–986.
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09.03.2016 08:50 Bettina Schröder Pockelsstrasse 11/Haus der Wissenschaft, Raum
PK11.1
Galerkin time integration schemes for small strain elastoplasticity
Bettina Schröder (University of Kassel), Detlef Kuhl (University of Kassel)
In order to optimize mass products’ properties, alternative fabrication procedures are devel-
oped. As an example an integrated thermomechanical forming process of a flange shaft can
be considered, cf. [1]. One of the main topics of this manufacturing process is characterized
by viscoplastic deformations, whereby dynamical effects are also indispensable. Thus, ade-
quate material models as well as proper numerical schemes have to be established. Therein,
the focus will be on the application of higher order accurate time discretization schemes in
combination with appropriate error estimators. In this context a conventional approach to-
wards elastoplasticity which is based on the radial return map in conjunction with diagonally
implicit RUNGE-KUTTA methods, is presented. Herein, the balance of linear momentum is
discretized using the finite element method. The material laws are evaluated on GAUSS point
level, cf. [2]. In contrast a variational approach is shown. Therein, a dissipation potential is
assumed and the principle of JOURDAIN is exploited to generate a multifield formulation of
plasticity enabling the usage of one single time discretization scheme on the element level, cf.
[3, 4]. Hence, the application of fully implicit RUNGE-KUTTA schemes or GALERKIN time
integration methods to both the evolution equation and to the balance law is simplified, cf.
[5, 6, 7]. As a drawback the number of unknowns is increased and a semismooth NEWTON
method judging whether elastic or plastic phenomena prevail has to be elaborated. Hence, a
comparison between the conventional and the variational procedure is demonstrated using di-
agonally implicit RUNGE-KUTTA methods. In a further step higher order accurate GALERKIN
time integration schemes as well as fully implicit RUNGE-KUTTA methods are applied to the
variational approach. Moreover, a time discretization error analysis is performed.
References
[1] K. Steinhoff, U. Weidig and N. Saba. In: Functionally Graded Materials in Industrial
Mass Production, Verlag Wissenschaftliche Scripten, 2009.
[2] J. C. Simo and T. J. R Hughes. Computational Inelasticity, Springer-Verlag, 1997.
[3] C. Miehe. A multi-field incremental variational framework for gradient-extended stan-
dard dissipative solids. J. Mech. Phys. Solids, Vo. 59, 898–923, 2011.
[4] B. Schröder and D. Kuhl. Small strain plasticity: classical versus multifield formulation.
Arch. Appl. Mech., 2015.
[5] T. Gleim and D. Kuhl. Higher order accurate discontinuous and continuous p-Galerkin
methods for linear elastodynamics. Z. angew. Math. Mech., Vol. 96, 177-194, 2013.
[6] G. Matthies and F. Schieweck. Higher order variational time discretizations for nonlin-
ear systems of ordinary differential equations. Preprint No. 23/2011, Fakultät für Math-
ematik, Otto-von Guericke Universität Magdeburg.
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09.03.2016 09:10 Janine C. Mergel Pockelsstrasse 11/Haus der Wissenschaft, Raum
PK11.1
C1-continuous time integration based on Hamilton’s law of varying action
Janine C. Mergel (RWTH Aachen University), Roger A. Sauer (RWTH Aachen University),
Sina Ober-Blöbaum (University of Oxford)
We present a class of C1-continuous time integration methods that are applicable to conserva-
tive mechanical systems with a quadratic kinetic energy term. Denoting the system’s defor-
mation and velocity respectively as x(t) and v(t) = x˙(t), we account for a Lagrangian of the
form
L(x,v) =
1
2
v ·Mv−U(x). (1)
Here, U(x) is a potential depending on x(t), and M is a symmetric and positive definite mass
matrix. The deformation is approximated by means of piecewise cubic Hermite shape func-
tions; this leads to a C0-continuous velocity for the entire time domain.We then develop a set
of integration methods from an approach similar to the construction of variational integrators.
For this purpose, we discretize the action integral S in time,
S≈ St , St =
N−1
∑
n=0
∫ tn+1
tn
Lt(x,v) dt. (2)
To incorporate any initial velocities in the system explicitly, we consider Hamilton’s law of
varying action; we thus allow for non-zero variations at the boundary of the temporal do-
main:
δSt = δx(tN) ·Mv(tN)−δx(t0) ·Mv(t0). (3)
In principle one could then construct a variational integrator by (1) varying the action of the
entire time domain and (2) deriving from this a set of discrete Euler-Lagrange equations. For
cubic Hermite interpolation, however, this leads to a two-step method that is (unconditionally)
unstable. Instead, we derive a set of one-step methods that do not satisfy Hamilton’s law of
varying action exactly. These methods are not variational; interestingly, however, some of
them offer similar properties as variational integrators: conservation of linear momentum and
— for simple linear systems — symplecticity. In our numerical examples, we consider both
linear and nonlinear problems, which include inherently discrete and spatially continuous sys-
tems. We demonstrate that the most favorable method converges with order four. While it still
remains to be examined whether symplecticity holds for arbitrary systems, all our numerical
results indicate an excellent long-term energy behavior.
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09.03.2016 14:30 Herbert Niessner Pockelsstrasse 11/Haus der Wissenschaft, Raum
PK11.1
On accuracy and efficiency of the CESE-method of C.S.Chang used for one-dimensional
unsteady flow computation
Herbert Niessner (NiMa, Baden-Ruetihof, Switzerland)
Around twenty years ago a NASA-group around S. C. Chang began to develop a method
using space-time domains as elements for unstaedy flow computation. There are two kinds
of elements. One within which the linearized form of the underlying differential equation
is satisfied and one whithin which space-time flux is conserved. Therefore the method is
called conservation-element solution-element or shortly CESE. Applied to one-dimensional
flow equations we show conditions under which the method in the version of Jerez et al. [1]
is
- second order accurate and
- more efficient than Lax-Wendroff type methods.
References
[1] S. Jerez, J. V. Romero, M. D. Roselló, and F. J. Arnau,
Mathematical and Computer Modelling 40(2004), pp941-951.
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09.03.2016 14:50 Alex Kraus Pockelsstrasse 11/Haus der Wissenschaft, Raum PK11.1
Modeling of mixed finite elements for anisotropic materials at finite strains
Alex Kraus (Leibniz Universität Hannover), Peter Wriggers (Leibniz Universität Hannover),
Ferdinando Auricchio (University of Pavia), Jörg Schröder (University Duisburg-Essen)
In the case of anisotropic and incompressible materials the applicability of the standard finite
element formulations is limited. Due to incompressibility volumetric locking can be observed
or the approximation of the stresses is not satisfying. In addition to that, high condition num-
bers arise from strong anisotropy, which leads to limited stability of calculations and unreliable
results. In general, anisotropy in materials results from differences in stiffness in different di-
rections. Famous examplse are fiber reinforced composites but also biological tissues, where
the fibers are embedded in a polymer matrix.
In the current work, a finite element formulation for anisotropic material behavior at finite
strains is developed. Motivated by the reinforcement from the fibers the finite element is as-
sumed to be not extendable in a certain direction. For the anisotropic material behavior the
method of Perturbed Lagrangian Formulation enables the fulfillment of the anisotropic strain
constraint as well as incompressibility. Polyconvex strain energy functions are used to de-
scribe the isotropic hyperelastic material behavior. The material stability is achieved by the
polyconvexity of the strain energy function.[1]
The developed finite element is investigated through numerical simulation, where various in-
terpolations for the displacements and for the mixed variables are used. To study the stability
of the given formulation parameter and convergence analysis is done. The sensitivity of the
behavior of the element to the penalty factor is investigated. The focus of this contribution is
to study the proposed approach with regard to stability and quality of stress approximations.
For the more practical application of the developed finite element formulation the simulation
of arterial walls is carried out.
References
[1] J. M. Ball. Convexity conditions and existence theorems in non-linear elasticity.Archive
for Rational Mechanics and Analysis 63 (1977): 337-403.
1409

09.03.2016 15:10 Michał Guminiak Pockelsstrasse 11/Haus der Wissenschaft, Raum
PK11.1
An application of difference operators and the Boundary ElementMethod to plate anal-
ysis
Michał Guminiak (Poznan University of Technology)
The Boundary Element Method (BEM) can be applied in the wide aspect of static, dynamic
and stabilty analysis of structures [1], [2], [3]. In present paper static and dynamic analysis of
Kirchhoff plates of any shape is considered. The stability analysis of rectangular plates is car-
ried out out too. The direct approach of BEM is applied. The thin plate bending is described by
two boundary (static analysis) and boundary-domain integral equations (dynamic and stability
analysis) [4]. The constant and parabolic type of boundary element is introduced. The static
fundamental solution (Green fuction) is used. Governing equations are formulated in singular
and non-singular terms. In accordance with the non-singular term, the second equation can be
also formulated using double collocation point approach [5]. To carrying out the stability anal-
ysis, the plate domain is divided into finite number of rectangular sub-domains having charac-
ter of plane elements of the constant type. Inside each of them the curvature is defined at the
central collocation point. The curvature can also be established by application of simple differ-
ence operators constructed using deflections at the central and neighbouring collocation points.
External in-plane loading has the conservative character. Internal linear and column supports
are taking into account too. The boundary and boundary-domain integral equations are formu-
lated in simplified form without introducing Kirchhoff forces: corner concentrated forces and
equivalent shear force along simply-supported edge. Along an edge free, the angle of rotation
in tangent direction is expressed by simple difference operator constructed using deflection
established at two neighbouring collocation points. Analysed numerical examples demon-
strate the sufficient effectiveness of the proposed approach.[1] Burczyn´ski T., The Boundary
Element Method in Mechanics, Technical-Scientific Publishing house, Warszawa, 1995 (in
Polish).[2] Wrobel L. C., Aliabadi M. H., The Boundary Element Methods in Engineering.
McGraw-Hill College. ISBN 0–07–707769–5, 2002.[3] Katsikadelis J. T., Sapountzakis E.
J., Zorba E. G., A BEM Approach to Static and Dynamic Analysis with Internal Supports,
Computational Mechanics, 7(1), pp. 31–40, 1990.[4] Guminiak M., Sygulski R., Vibrations
of system of plates immersed in fluid by BEM, Proceedings of IIIrd European Conference on
Computational Mechanics, Solids, Structures and Coupled Problems in Engineering ECCM-
2006, pp. 211, eds.: C. A. Mota Soares, J. A. C. Rodrigues, J. A. C. Ambrósio, C. A. B. Pina,
C. M. Mota Soares, E. B. R. Pereira and J. Folgado, CD enclosed, June 5–9, 2006, Lisbon,
Portugal.[5] Guminiak M., An Alternative Approach of Initial Stability Analysis of Kirch-
hoff Plates by the Boundary Element Method, Engineering Transactions, 62(1), pp. 33–59,
2014.
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09.03.2016 16:00 Christian Weißenfels Pockelsstrasse 11/Haus der Wissenschaft, Raum
PK11.1
Advantages of Mean Value Coordinates in Numerical Solution Schemes based onMesh-
free Methods
Christian Weißenfels (Leibniz Universität Hannover), Peter Wriggers (Leibniz Universität
Hannover)
Meshfree methods open up new possibilities in the simulation of technical demanding pro-
cesses. Especially Galerkin type meshfree methods have the advantage of being free from
tensile instabilities. However the lack of the Kronecker delta property, the location of integra-
tion points and the determination of the radius of the support domain are still big challenges
of meshfree approximation schemes. The Optimal Transportation Meshfree (OTM) method,
which was recently developed, tries to overcome these issues, but the imposition of essential
boundary conditions is still unsatisfactory. Barycentric coordinates, which are mainly used in
computer aided design, have the advantage in possessing the Kronecker delta property. Mean
value coordinates, which belong to this type of interpolation functions, can also be set up in
the case of an arbitrary point cloud. This characteristic makes mean value coordinates very
attractive to meshfree methods. They perfectly provide the features of standard finite element
shape functions to meshfree methods. Due to these benefits a new meshfree scheme based on
mean value coordinates is developed and will be presented in detail. The range and the scope
of the method are illustrated by means of some examples of application. Especially the Tay-
lor anvil benchmark is thereby a good test to compare the developed approach with standard
methods in computational engineering.
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09.03.2016 16:20 Tobias Steiner Pockelsstrasse 11/Haus der Wissenschaft, Raum PK11.1
Two-dimensional discontinuous Galerkin Method: Application to small and large de-
formations
Tobias Steiner (G.W. Leibniz Universität Hannover), Peter Wriggers (G.W. Leibniz Univer-
sität Hannover), Carsten Carstensen (Humboldt Universität Berlin)
The discontinuous Galerkin (dG) Method can be used to circumvent effects like shear locking
in bending dominated cases or volume locking which occurs for (nearly) incompressible ma-
terials where standard finite elements with lower order classical Lagrange polynomial shape
functions have problems with certain deformation states or material behaviors, respectivly.
[1]
The discontinuous Galerkin Method is well established in convection-dominated problems in
fluid mechanics. Nevertheless, its usage in solid mechanics has become more common.[1, 2]
Like the well-known continuous Galerkin Method the dG Method is based on the variational
formulation of the balance equation. The dG Method doesn’t enforce a priori the continuity of
the displacement field across element boundaries. In this way a jump in the primary variable
arises between the connecting edges along two adjacent elements. Nevertheless, the solution
of the displacement field within the elements is still continuous.
In the present work a two-dimensional discontinuous Galerkin Method for the linear elastic
isotropic material model is implemented. The behavior of these elements for small deforma-
tions is studied both in bending dominated and nearly incompressible cases. A comparison
between known and well established element formulations and the discontinuous element is
presented. Furthermore, the developed dG element is extended to large deformation hypere-
lasticity.
References
[1] V.P. Nguyen, Discontinuous Galerkin/extrinsic cohesive zone modeling: Implementa-
tion caveats and apllications in computational fracture mechanic. Engineering Fracture
Mechanics. 128, 37–68, 2014.
[2] R. Liu, M.F. Wheeler, C.N. Dawson, A three-dimensional nodal-based implementation
of a family of discontinuous Galerkin methods for elasticity problems Computers and
Structures. 87, 141–150, 2009.
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09.03.2016 16:40 Katharina Rafetseder Pockelsstrasse 11/Haus der Wissenschaft, Raum
PK11.1
A new mixed approach for discretizing Kirchhoff-Love plates
Katharina Rafetseder (Johannes Kepler University Linz), Walter Zulehner (Johannes Kepler
University Linz)
In this talk, we introduce a new mixed variational formulation of a Kirchhoff-Love plate. The
plate is considered to be clamped, simply supported and free on different parts of the bound-
ary. This new mixed formulation is motivated by applying interpolation results to two mixed
formulations, where either all derivatives are applied to the primal or the dual variable. By
interpolation we can distribute the derivatives evenly among the primal and dual variable by
choosing the nonstandard Sobolev space that is situated in the middle. For the new formu-
lation we verify Brezzi’s conditions and show equivalence to the original primal variational
problem.
Based on a Helmholtz decomposition of the involved nonstandard Sobolev space, we can
derive in a natural way families of finite elements for triangular and quadrilateral meshes and
also isogeometric B-spline discretizations. The analysis in the discrete setting can be done
with limitation of free boundary parts. We show that Brezzi’s conditions are satisfies for the
discrete problem. Moreover, we provide discretization error estimates of optimal order.
Finally, we show promising numerical experiments (also for free boundaries).
1417

09.03.2016 17:00 Markus Köppel Pockelsstrasse 11/Haus der Wissenschaft, Raum PK11.1
Uncertainty Quantification for Two-Phase Flow in Heterogeneous Porous Media
Markus Köppel (Universität Stuttgart), Christian Rohde (Univerität Stuttgart)
In many applications of natural and technical sciences macroscopic properties strongly de-
pend on the structure of the underlying medium. The most obvious example are heteroge-
neous aquifers which contain e.g. various rock layers or fractures. These heterogeneities may
lead to a significant change of the flow behavior in the system. The assumption of an overall
representative elementary volume (REV) in order to simplify the descriptive models of such
heterogeneous porous media is not justified anymore. To avoid wrong simulation results one
typically identifies specific subdomains with homogeneous hydrogeological properties within
the heterogeneous porous medium. However the parameter estimation and localization of the
subdomains involves detailed information about the aquifer which is often limited. The use
of purely deterministic models thus is not sufficient for the appropriate calculation of flow or
the evolution of several fluids.We consider two immiscible and incompressible fluid phases in
a two dimensional heterogeneous porous medium. Moreover capillarity effects are neglected.
In this case the fractional flow formulation reduces to a hyperbolic conservation law coupled
with the elliptic flow equation. Each homogeneous subdomain is characterized by different
nonlinear fractional flow functions and hydrogeolocial properties, e.g. intrinsic permeabil-
ity. Due to the hyperbolic character of the transport equation and the heterogeneities in the
medium, standing shock waves occur naturally at the position of the interfaces. Based on the
implicit pressure explicit saturation (IMPES) approach we decouple the two types of equa-
tions. In the hyperbolic part an explicit finite volume (FVM) scheme is applied. The elliptic
part is discretized by mixed finite elements (MFEM) based on the FEM-toolbox Alberta.There
a different techniques to quantify uncertainies in porous media. Each has intrinsic assets and
drawbacks. Collocations like methods are preferential in case of highly complex and high di-
mensional stochastic problems, but generally suffer from low convergence rates. We consider
a hybrid stochastic Galerkin (HSG) approach based on a multi element decomposition in the
stochastic space which is particularly well-suited for parallel computations. The unknowns
saturation, global pressure and total velocity are expanded in terms of the truncatedpolyno-
mial chaos expansion (PCE). As the random variable is assumed to be uniformly distributed
the multiplication of the system by according Legendre polynomials yields a finite dimen-
sional system which is partially decoupled in the stochastic space.
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09.03.2016 17:20 Vladimir Vasilyev Pockelsstrasse 11/Haus der Wissenschaft, Raum
PK11.1
On certain finite approximations for discrete operator equations
Vladimir Vasilyev (Lipetsk State Technical University), Alexander Vasilyev (National Re-
search Belgorod State University)
We introduce and consider three objects generated by a Calderon–Zygmund kernel K(x). The
first is the classical Calderon–Zygmund interal
v.p.
∫
Rm
K(x− y)u(y)dy, x ∈ Rm,
in the Lebesgue space L2(Rm), the second is its discrete analogue of the following type
∑
y˜∈hZm
Kd(x˜− y˜)ud(y˜)hm, x˜ ∈ hZm, h> 0,
in the space L2(hZm)≡ l2 of functions ud of a discrete variable x˜ ∈ hZm, and the third is
∑
y˜∈hZm∩QN
Kd,N(x˜− y˜)ud(y˜)hm, x˜ ∈ hZm∩QN ,
in the space L2(hZm∩QN)≡ l2N , where QN = {x∈Rm : x= (x1, · · · ,xm), max1≤k≤m |xk| ≤N}, Kd,N
is a special discrete periodic kernel.This report is devoted to a comparison of all three types
of operators in depending on h,N. Some preliminary results in this direction were given in
authors’ papers [1, 2, 3, 4].
References
[1] A.V. Vasilyev, V.B. Vasilyev, Numerical analysis for some singular integral equations.
Neural, Parallel and Scientific Computations, 20:3 (2012), 313–326.
[2] A.V. Vasilyev, V.B. Vasilyev. Discrete singular operators and equations in a half-space.
Azerb. J. Math. 3:1 (2013), 84–93.
[3] A.V. Vasilyev, V.B. Vasilyev. Discrete singular integrals in a half-space. In: Current
Trends in Analysis and its Applications. Research Perspectives. (2015), Birkhäuser, Basel,
663–670.
[4] A.V. Vasilyev, V.B. Vasilyev. Periodic Riemann problem and discrete convolution equa-
tions. Differential Equat. 51:5 (2015),652–660.
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09.03.2016 17:40 Raimund Bürger Pockelsstrasse 11/Haus der Wissenschaft, Raum
PK11.1
Discontinuous approximation of viscous two-phase flow in heterogeneous porous media
Raimund Bürger (Universidad de Concepción), Sarvesh Kumar (Indian Institute of Space
Science and Technology, Thiruvananthapuram 695 547, Kerala, India), Sudarshan Kumar
Kenettinkara (Universidad de Concepción, Chile), Ricardo Ruiz-Baier (Mathematical Insti-
tute)
Runge-Kutta Discontinuous Galerkin (RKDG) and Discontinuous Finite Volume Element
(DFVE) methods are applied to a coupled flow-transport problem describing the immiscible
displacement of a viscous incompressible fluid in a non-homogeneous porous medium. The
model problem consists of a nonlinear pressure-velocity equation assuming Brinkman flow,
coupled to a nonlinear hyperbolic equation governing the mass balance (saturation equation).
The mass conservation properties inherent to finite volume-based methods motivate a DFVE
scheme for the approximation of the Brinkman flow in combination with a RKDG method
for the spatio-temporal discretization of the saturation equation. The stability of the uncou-
pled schemes for the flow and for the saturation equation are analyzed, and several numerical
experiments illustrate the robustness of the numerical method.
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10.03.2016 08:30 Rüdiger Müller Pockelsstrasse 11/Haus der Wissenschaft, Raum PK11.1
A-posteriori error control for stationary coupled bulk-surface equations
Rüdiger Müller (WIAS), Martin Eigel (WIAS)
We consider a system of two coupled elliptic equations, one defined on a bulk domain Ω ⊂
Rd, d ∈ {2,3} with piecewise smooth boundary and the second one on the boundary surface
Γ := ∂Ω that is decomposed into a finite set of patches {Γi}Ni=1. Such coupled reaction diffu-
sion processes in the bulk and on the surfacehave recently attracted interest from an analytical
point of view [2] and in different application areas such as biology and chemistry, see e.g.
[3]. A-priori analysis for domains with smooth boundary has been established in [2] and a-
posteriori analysis for a pure surface problem can be found in [1]. Here, we complement this
analysis by a-posteriori error control for non-smooth domains. We derive a fully computable
residual estimator that takes into account the approximation errors due to discretization with
lowest order continuous finite elements in space. Moreover we derive a computable localized
estimator for the errors due to polyhedral approximation of the domain. An adaptive refine-
ment algorithm is described which controls the overall error. Numerical experiments illustrate
the performance of the a-posteriori error estimatorand the proposed adaptive algorithm.
References
[1] A. Bonito, J. M. Cascón, P. Morin, and R. H. Nochetto. AFEM for geometric PDE: the
Laplace-Beltrami operator. In Analysis and Numerics of Partial Differential Equations,
pages 257–306. Springer, 2013.
[2] C.M. Elliott and T. Ranner. Finite element analysis for a coupled bulk–surface partial
differential equation. IMA J. Num. Anal., 33(2):377–402, 2013.
[3] I. L. Novak, F. Gao, Y.-S. Choi, D. Resasco, James C. Schaff, and B. M. Slepchenko.
Diffusion on a curved surface coupled to diffusion in the volume: Application to cell
biology.JCP, 226(2):1271–1290, 2007.
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10.03.2016 08:50 Martin Eigel Pockelsstrasse 11/Haus der Wissenschaft, Raum PK11.1
Adaptive stochastic Galerkin FEM with hierarchical tensor representations
Martin Eigel (WIAS Berlin)
PDEs with stochastic data have gained a lot of attention recently, especially in the context
of uncertainty quantification (UQ).Since in practice often many parameters of the considered
problems cannot be determined precisely or are stochastic by nature, the modelling and simu-
lation with uncertain data is particularly relevant with engineering applications in mind.Apart
from well-known sampling techniques such as Monte-Carlo (MC) methods and improved vari-
ants of the classical idea (multilevel and Quasi MC), spectral methods can be a viable and
highly efficient alternative with distinct advantages.These include optimal convergence rates
possibly much higher than what can be achieved with sampling approaches, and computable a
posteriori error estimators which allow for some error control and adaptive refinement of the
employed discretisations.The notion of spectral methods is to discretise the stochastic space
(in addition to the physical space) in some appropriate basis and then evaluate some projection
onto a chosen discrete subspace.Popular methods are the Stochastic Collocation (SC) and the
Stochastic Galerkin FEM (SGFEM).They have in common that a functional representation of
the solution manifold is obtained, including all dependencies on the stochastic parameters of
the model.
While sampling techniques solely rely on the evaluation of single realisations, the full discreti-
sation of the stochastic problem usually results in very high-dimensional algebraic problems
which easily become unfeasible for numerical computations because of the dense coupling
structure of the stochastic differential operator. Recently, an adaptive SGFEM based on a
residual a posteriori error estimator was presented and the convergence of the adaptive algo-
rithm was shown [Eigel, Gittelson, Schwab, Zander 2014]. This approach leads to a dras-
tic reduction of the complexity of the problem due to the iterative discovery of the sparsity
of the solution and a subsequent quasi optimal discretisation. To allow for larger and more
general problems, in the presented approach [Eigel, Pfeffer, Schneider 2015] we exploit the
tensor structure of the parametric problem by representing operator and solution iterates in
the modern tensor train (TT) format. The (successive) compression carried out with such a
(linearised) hierarchical representation can be seen as a generalisation of some other model
reduction techniques, e.g. the reduced basis method. The suggested approach facilitates the
efficient computation of different error indicators related to the computational mesh, the ac-
tive polynomial chaos index set, and the TT rank. Most notably, the curse of dimension is
circumvented despite the use of a full stochastic tensor space.
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10.03.2016 09:10 Sergejs Rogovs Pockelsstrasse 11/Haus der Wissenschaft, Raum PK11.1
Maximum norm estimates for optimal control problems with Neumann boundary con-
trol on graded meshes
Sergejs Rogovs (Universitaet der Bundeswehr Muenchen)
This talk deals with the computation of the numerical solution of boundary value problems
with Neumann boundary conditions and optimal control problems with Neumann control in
polygonal domains using the finite element method. Due to the corners of the domain, the
convergence rate of the numerical solutions can be lower than in case of smooth domains.
As a remedy one can use local mesh refinement near the corners. In order to prove optimal
error estimates regularity results weighted Sobolev spaces are exploited. In such a case the
convergence rate of | lnh|3/2h2 using piecewise linear ansatz functions can be shown for the
state variable as well as the adjoint variable in the domain and the control variable on the
boundary. Similar results for boundary value problems with Dirichlet boundary conditions
and optimal control problems with distributed control were obtained by Th. Apel, A. Rösch
and D. Sirch (2009).
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10.03.2016 13:30 Dietmar Gallistl Pockelsstrasse 11/Haus der Wissenschaft, Raum
PK11.1
Multiscale Petrov-Galerkin Finite Element Method for Acoustic Scattering in Hetero-
geneous Media
Dietmar Gallistl (Universität Bonn), Daniel Peterseim (Universität Bonn), Donald L. Brown
(University of Nottingham)
This talk presents a pollution-free Petrov-Galerkin multiscale finite element method for the
Helmholtz problem with large wave number κ in heterogeneous media. The method employs
standard continuous Q1 finite elements at a coarse scale H as trial functions, whereas the test
functions are computed as the solutions of local problems at a finer scale h. The diameter of
the support of the test functions behaves like mH for the coarse-grid mesh-size H and some
oversampling parameter m. Provided m log(κ) is bounded by a generic constant and the fine-
scale mesh-size h is sufficiently small, the resulting method is stable and quasi-optimal in the
regime where H is proportional to κ−1. In homogeneous (or more general periodic) media, the
fine scale test functions depend only on local mesh-configurations. Therefore, the seemingly
high cost for the computation of the test functions can be drastically reduced on structured
meshes.
1431

10.03.2016 13:50 Carsten Carstensen Pockelsstrasse 11/Haus der Wissenschaft, Raum
PK11.1
The discontinuous Petrov Galerkin Method for the Maxwell equations
Carsten Carstensen (Humboldt-Universitaet), Carsten Carstensen (Institut Mathematik)
The discontinuous Petrov Galerkin Method is a novel residual minimization method with bro-
ken test spaces for all kind of partial differential equations. The presentation discusses abstract
framework and the the various choices for the stationary Maxwell equations. Related work
C. Carstensen, L. Demkowicz, J. Gopalakrishnan:Breaking spaces and forms for the DPG
method and applications including Maxwell equations,preprint at ICES, 2015.
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10.03.2016 14:10 Mira Schedensack Pockelsstrasse 11/Haus der Wissenschaft, Raum
PK11.1
Relaxing the CFL condition for the wave equation on non-uniform meshes
Mira Schedensack (Universität Bonn), Daniel Peterseim (Universität Bonn)
The Courant-Friedrichs-Lewy (CFL) condition limits the choice of the time-step size for the
popular explicit leapfrog method for the wave equation to be bounded by the minimal mesh-
size in the spatial mesh. This makes this scheme expensive for locally refined meshes. On
the other hand, locally refined meshes are necessary to reveal the optimal convergence rate
on domains with re-entrant corners. This talk introduces a reduced ansatz space based on a
uniform mesh that allows to balance the CFL condition and the approximation properties in
an optimal way, even in the presence of spatial singularities.
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10.03.2016 14:30 Fleurianne Bertrand Pockelsstrasse 11/Haus der Wissenschaft, Raum
PK11.1
Estimate for forces on curved boundaries with Raviart-Thomas elements
Fleurianne Bertrand (Universität Duisburg-Essen), Gerhard Starke (Universität Duisburg-
Essen)
Optimal order convergence of a first-order system least squares method using lowest-order
Raviart-Thomas elements combined with linear conforming elements is presented for domains
with curved boundaries. Parametric Raviart-Thomas elements are introduced in order to retain
the optimal order of convergence in the higher-order case in combination with the isopara-
metric scalar elements. In particular, an estimate for the normal flux of the Raviart-Thomas
elements on interpolated boundaries is derived in both cases. This is illustrated numerically
for the Poisson problem on the unit disk. As an application of the analysis derived for the
Poisson problem, boundary values of forces are estimated in the Stokes problem.
1437

10.03.2016 14:50 Lars Diening Pockelsstrasse 11/Haus der Wissenschaft, Raum PK11.1
Maximum strategy for adaptive finite elements
Lars Diening (Osnabrück)
The adaptive finite element method with an automatic refinement driven by error estimators
allows to resolve singularities automatically at minimal computational costs. One strategy for
refinement is to refine, where the error indicators are almost maximal (maximum strategy).
We show optimality of the corresponding adaptive finite element loop. We will discuss the
two and three dimensional setting.
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10.03.2016 15:10 Maximilian Wank Pockelsstrasse 11/Haus der Wissenschaft, Raum
PK11.1
Convergence of a Kacanov Iteration for the p-Poisson Equation
Lars Diening (Osnabrück University), Massimo Fornasier (TU München), Maximilian Wank
(Osnabrück University)
In many applications such as non-Newtonian fluid theory or glaciology, the p-Poisson equa-
tions
−div(|∇u|p−2∇u) = f in Ω and
u= 0 on ∂Ω
appear, where Ω ⊂ Rd is open and bounded and f ∈W−1,p(Ω). We present convergence
results for a Kacˇanov iteration for this equation, where in each step a weighted linear Laplace
equation needs to be solved. The algorithm works on the full infinite-dimensional solution
space W 1,p0 (Ω) but also some implementations using Finite Element Methods (FEM) have
been done. To perform the algorithm, a stabilization parameter needs to be introduced into the
equation. We also show that the parameter is introduced in an appropriate way meaning that
solutions of the constrained problem converge to the solution of the p-Poisson equation as the
parameter vanishes.
1441

08.03.2016 08:50 Martin Weiser Pockelsstrasse 11/Haus der Wissenschaft, Raum PK11.1
Adaptive inexact spectral deferred correction methods for long-time integration
Martin Weiser (Zuse Institute Berlin), Sunayana Ghost (Zuse Institute Berlin)
In several applications, the right hand side of an initial value problem is obtained by solving
a PDE. This is the case, e.g., in long time integration for fatigue or wear simulation. On
one hand, the computational cost of the right hand side evaluation requires the use of efficient
higher order time stepping schemes. On the other hand, the computational cost can be reduced
by using coarser grids or fewer iterations in the right hand side PDE solution, but this impedes
the accuracy of the integration.
In this talk we explore the use of spectral deferred correction (SDC) methods for exploiting
this trade-off between accuracy and computational effort. Since SDC methods are fixed point
iterations for collocation equations, we study the error propagation through the SDC iteration
to obtain expressions of the global discretization error in terms of the right hand side evaluation
errors. Work models relating right hand side errors to computational costs are derived and
combined with the error models to obtain an adaptive tolerance selection by minimizing total
work.
Finally we present a priori efficiency estimates and numerical examples for long time integra-
tion of damage evolution in oscillatory fatigue problems.
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10.03.2016 17:20 Gerhard Unger Pockelsstrasse 11/Haus der Wissenschaft, Raum PK11.1
Numerical analysis of boundary element methods for Maxwell’s eigenvalue problems
Gerhard Unger (TU Graz)
We consider a Galerkin approximation of boundary integral formulations of Maxwell’s eigen-
value problem in bounded and unbounded domains. An analysis of the boundary integral
formulations and their numerical approximations is given in the framework of eigenvalue
problems for holomorphic Fredholm operator-valued functions. We show that Galerkin ap-
proximations yield a so-called regular convergent sequence for the underlying operator-valued
function of the eigenvalue problem. This allows us to apply general results of the numerical
analysis of holomorphic eigenvalue problems which guarantee the convergence of the eigen-
values as well as of the eigenspaces. Numerical examples confirm the theoretical results.
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11.03.2016 08:30 Michael Weise Pockelsstrasse 11/Haus der Wissenschaft, Raum PK11.1
Adaptive FEM for NURBS surface shells
Michael Weise (Technische Universität Chemnitz)
In order to use finite elements to solve a shell problem, a description of the shell midsurface
geometry and its derivatives are needed. Modern computer aided design software uses non-
uniform rational B-splines for geometry description. Therefore, it is natural to incorporate
NURBS surfaces in an FEM code. In our talk we give some insights on how to implement
adaptive FEM for NURBS surface Naghdi shells. A specialty is the incorporation of tangen-
tial vectors with continuous directions, but jumping lengths. Such vectors may occur when
NURBS surfaces are glued together.
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11.03.2016 08:50 Andrew Winters Pockelsstrasse 11/Haus der Wissenschaft, Raum
PK11.1
Well-Balanced Entropy Stable DG Approximation for the Shallow Water Equations on
Curvilinear Meshes
Niklas Wintermeyer (University of Cologne), Andrew Winters (University of Cologne), Gre-
gor Gassner (University of Cologne), David Kopriva (Florida State University)
This contribution presents a high-order, entropy stable discontinuous Galerkin spectral el-
ement method (DGSEM) for the two dimensional shallow water equations on curvilinear,
unstructured meshes
ht +(hu)x+(hv)y = 0,
(hu)t +(hu2 +gh2/2)x+(huv)y =−ghbx,
(hv)t +(huv)x+(hv2 +gh2/2)y =−ghby.
Here, h is the height of the water and u,v are the fluid velocities. The constant g is the acceler-
ation due to gravity and the function b= b(x,y) represents the possibly discontinuous bottom
topography of the surface over which the fluid flows. High-order accuracy is maintained pro-
vided any discontinuities in the bottom topography are aligned with interfaces in the mesh.
The method uses a skew-symmetric formulation of the continuous problem in combination
with a special numerical flux at element interfaces to guarantee entropy stability [1].To ensure
that the proposed entropy stable, skew-symmetric scheme remains computationally attractive
for large computations we describe a reformulation of the DGSEM. This reformulation rein-
terprets the DGSEM into an equivalent sub-cell finite volume type scheme [2]. Finally, we
demonstrate that the method is well-balanced, i.e. satisfies discretely the steady-state solu-
tion
h+b= constant, u= 0, v= 0,
on curvilinear meshes and discontinuous topographies. To guarantee that the numerical ap-
proximation is well-balanced requires a special skew-symmetric treatment of the source term
[1]. We show that this source term discretization contains volume and surface contributions
which differs from a standard DG treatment of such terms.
References
[1] N. Wintermeyer, A.R. Winters, G.J. Gassner, and D.A. Kopriva. An Entropy Stable Dis-
continuous Galerkin Method for the Two Dimensional Shallow Water Equations on Un-
structured Curvilinear Meshes with Discontinuous Bathymetry. J. Comp. Phys. (under
review).
[2] M. Carpenter, T. Fisher, E. Nielsen, S. Frankel, Entropy stable spectral collocation
schemes for the Navier–Stokes equations: Discontinuous interfaces, SIAM J. Sci. Comp.
36 (5) (2014) B835–B867.
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11.03.2016 09:10 Christoph Hofer Pockelsstrasse 11/Haus der Wissenschaft, Raum
PK11.1
Dual-Primal Isogeometric Tearing and Interconnecting solvers for multipatch continu-
ous and discontinuous Galerkin IgA equations
Christoph Hofer (Johannes Kepler University Linz), Ulrich Langer (Johannes Kepler Uni-
versity Linz)
In this talk, we construct and investigate fast solvers for large-scale linear systems of algebraic
equations arising from isogeometric analysis (IgA) of diffusion problems with heterogeneous
diffusion coefficient on multipatch domains. In particular, we investigate the adaption of the
Dual-Primal Finite Element Tearing and Interconnecting (FETI-DP) method to IgA, called
Dual-Primal IsogEometric Tearing and Interconnecting (IETI-DP) method. The use of open
knot vectors is very crucial since in this case we can still distinguish between basis functions
corresponding to the boundary and to the interior of the patches (subdomains). We consider the
cases where we have matching and non-matching meshes on the interfaces. In the latter case
we use a discontinuous Galerkin (dG) method to couple the different patches. This requires a
special extension of the IETI-DP method to the dG-IgA formulation. We use ideas from the
finite element case in order to formulate the corresponding IETI-DP method, called dG-IETI-
DP. We design the dG-IETI-DP method in such a way that it can be seen as a IETI-DP method
on an extended discrete interface space. These methods are highly suited for parallelization.
We present numerical results for complicated two and three dimensional domains. We observe
a quasi-optimal behavior of the condition number κ of the preconditioned system with respect
to the mesh-size h and the patch-size H. More precisely, this condition number κ behaves like
O((1+ log(H/h))2), and is robust with respect to jumping diffusion coefficients and changing
mesh-sizes across patch interfaces.
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08.03.2016 08:30 Michael Hinze Altgebäude (Schleinitzstrasse), Raum SN19.2
Optimal control of PDEs on surfaces
Michael Hinze (Universität Hamburg)
We consider optimal control of surface PDEs with special emphasis on tailored discretization
of the underlying optimal control problem. We numerically analyze the errors stemming from
the discretization of the surface and of the finite element discretization of the surface PDE. We
present numerical examples which support our numerical findings.
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08.03.2016 08:50 Roland Herzog Altgebäude (Schleinitzstrasse), Raum SN19.2
Optimum experimental design by shape optimization of specimens in linear elasticity
Roland Herzog (Technische Universität Chemnitz)
Optimum Experimental Design (OED) is an established technique in various scientific disci-
plines in order to optimize the parameter identification by experiments, e.g., in the modeling
of chemical processes. In this talk we consider the identification of the material parameters
in linear elasticity, i.e., Young’s modulus and the Poisson ratio. A novelty of our approach is
that we use the geometry of the specimens in order to optimize the precision of the parameter
estimation. We formulate an associated shape optimization problem and derive appropriate
representations of the shape derivative. Numerical experiments are included.
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08.03.2016 09:10 Kathrin Welker Altgebäude (Schleinitzstrasse), Raum SN19.2
PDE Constrained Optimization on Shape Manifolds
Kathrin Welker (Trier University)
Shape optimization problems arise frequently in technological processes which are modeled
in the form of partial differential equations. In many practical circumstances, the shape un-
der investigation is parametrized by finitely many parameters, which on the one hand allows
the application of standard optimization approaches, but on the other hand limits the space of
reachable shapes unnecessarily. Shape calculus presents a way out of that dilemma. How-
ever, so far it is mainly applied in the form of gradient descent methods, which can be shown
to converge. The major difference between shape optimization and the standard PDE con-
strained optimization framework is the lack of the linear space structure in shape spaces. If
one cannot use a linear space structure, then the next best structure is the Riemannian mani-
fold structure. In this talk, the novel Riemannian view on shape optimization introduced in [1]
is extended to a Lagrange–Newton as well as a quasi–Newton approach for PDE constrained
shape optimization problems. We consider problems of finding the interface of two subdo-
mains. The first part of this talk presents a Lagrange–Newton method for PDE constrained
shape optimization problems. This method will be discussed for an elliptic interface shape op-
timization problem.Newton–type methods have been used in shape optimization since many
years.Often, the unknown diffusivity in diffusive processes is structured by piecewise constant
patches. The second part of this talk is devoted to efficient methods for the determination of
such structured diffusion parameters by exploiting shape calculus. A novel shape gradient for
structured inverse modeling in instationary diffusive processes as well as a limited memory
BFGS quasi–Newton technique in shape space will be presented.
References
[1] V. H. Schulz.A Riemannian View on Shape Optimization.Foundations of Computational
Mathematics, 14:483–501, 2014.
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08.03.2016 17:00 Livia Susu Altgebäude (Schleinitzstrasse), Raum SN19.2
Optimal control of nonsmooth semilinear parabolic equations
Livia Susu (TU Dortmund), Christian Meyer (TU Dortmund)
This talk is concerned with an optimal control problem governed by a semilinear, nonsmooth
operator differential equation. The nonlinearity is locally Lipschitz-continuous and direction-
ally differentiable, but not Gâteaux-differentiable. Two types of necessary optimality condi-
tions are derived, the first one by means of regularization, the second one by using the direc-
tional differentiability of the control-to-state mapping. The paper ends with the application of
the general results to a semilinear heat equation involving the max-function.
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08.03.2016 17:20 Francesco Ludovici Altgebäude (Schleinitzstrasse), Raum SN19.2
Nonstationary optimal control problems with state constraints
Francesco Ludovici (TU Darmstadt), Winnifried Wollner (), Ira Neitzel ()
We are concerned with the finite element approximation of semilinear parabolic optimization
problems subject to state constraints.
This class of problems naturally arises when considering cooling processes of glass, steel and
in general materials failure.
We use discontinuous Galerkin method for the time discretization and standard conforming
finite elements for the space discretization. Relying on a quadratic growth condition that
follows from second order sufficient conditions, we derive convergence rates as temporal and
spatial mesh size tends to zero.
1461

08.03.2016 17:40 Georg Müller Altgebäude (Schleinitzstrasse), Raum SN19.2
On the Control of Time Discretized Dynamical Contact Problems
Georg Müller (University Bayreuth), Anton Schiela (University Bayreuth)
In this presentation, we address optimal control problems with distributed control and time
discretized dynamical contact problems in linear viscoelasticity as side constraints.
Suitable integrators for the time continuous form of the dynamical contact problem, see, e.g.,
[1], allow for the investigation of corresponding time discretized problems. We introduce a
temporal finite element discretization, which is closely related to the one proposed in [2],
but corresponds to a slightly modified version of the contact implicit Newmark scheme, first
presented in [3].
In the discretized setting, we show existence of minimizers to the optimal control problem
under standard assumptions on the cost functional. For dense controls and when the solution
operator to the time discretized contact problem is directionally differentiable, we obtain a set
of first order optimality conditions.
Due to the finite element interpretation of the discretization, a solution to the resulting ad-
joint equation can be computed by a time-stepping scheme as well and allows for efficient
computation of search directions for the fully discretized system in a simple, gradient based
optimization scheme.
References
[1] Corinna Klapproth. Adaptive Numerical Integration of Dynamical Contact Problems.
PhD-Thesis, FU-Berlin (2010).
[2] A. Kröner, K. Kunisch, B.Vexler. Semismooth Newton Methods for Optimal Control of
the Wave Equation with Control Constraints. SICON (2011), 49(2), P. 830-858.
[3] C. Kane, E.A. Repetto, M. Ortiz, J.E. Marsden. Finite element analysis of nonsmooth
contact. Comput Method Appl M (1999), 180(1-2), P. 1-26
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08.03.2016 18:00 Constantin Christof Altgebäude (Schleinitzstrasse), Raum SN19.2
Sensitivity Analysis for Elliptic Variational Inequalities of the Second Kind: A Model
Problem and Applications in Optimal Control
Constantin Christof (TU Dortmund), Christian Meyer (TU Dortmund)
We study the differentiability properties of the solution operator S : u 7→ y to the elliptic varia-
tional inequality
y ∈ H10 (Ω) :
∫
Ω
∇y ·∇(v− y)dλ +
∫
Ω
|v|dλ −
∫
Ω
|y|dλ ≥ 〈u,v− y〉 ∀v ∈ H10 (Ω).
It is shown that the map S is directionally differentiable in all u ∈ L2(Ω) where S(u) ∈C1(Ω)
and where the boundary of the set {S(u) = 0} is sufficiently regular. We further prove that,
if S(u) satisfies the latter two assumptions, then the directional derivative DS(u)〈h〉 of S in
a direction h ∈ H−1(Ω) is characterized by an elliptic variational inequality of the first kind
whose right-hand side is h and whose bilinear form involves surface integrals over those parts
of the boundary ∂{S(u) = 0} where ∇S(u) 6= 0. The talk concludes with a discussion of the
consequences that our results have for the analysis and numerical treatment of optimal control
problems governed by elliptic variational inequalities of the second kind.
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08.03.2016 18:20 Philip Trautmann Altgebäude (Schleinitzstrasse), Raum SN19.2
Sparse measure-valued optimal control problems governed by wave equations
Philip Trautmann (Uni Graz), Boris Vexler (), Karl Kunisch ()
In this talk optimal control problems governed by the linear wave equation are discussed.
The main focus lies on controls which are sparse in space and distributed in time. We utilize
the control spaces L2(I,M (Ωc)) andM (Ωc,L2(I)) and a non-smooth control cost functional
which enhances sparsity of the optimal control. This particularily includes pointwise controls
with time-dependent intensities and time-dependent (time-independent) positions which have
applications in optimal actuator placement problems and inverse problems. These measure-
valued optimal control problems are investigated from a theoretical point view which includes
the proof of existence of optimal controls, the derivation of optimality conditions and the in-
vestigation of the structure of the optimal control (sparsity pattern). Furthermore, a space-time
finite element discretization for the measure-valued optimal control problem is investigated.
Finally, we use this optimal control formulation for the numerical solution of an inverse prob-
lem inspired by a geophysical application.
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08.03.2016 18:40 Florian Kruse Altgebäude (Schleinitzstrasse), Raum SN19.2
Optimal control of semilinear parabolic equations by BV-functions
Eduardo Casas (Universidad de Cantabria), Florian Kruse (University of Graz), Karl Ku-
nisch (University of Graz)
This talk addresses parabolic optimal control problems in which the objective promotes con-
trols that are piecewise constant in time. That is, the resulting optimal controls have a partic-
ularly simple structure.
To achieve this we consider controls that are BV-functions in time and use the total variation
norm of their derivatives in the objective. However, this implies that the objective is not
differentiable.
We derive first- and second-order optimality conditions for these control problems, provide
error estimates for their numerical approximation, and develop a semismooth Newton method
for their solution. Numerical examples are also included in the talk.
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09.03.2016 08:30 Barbara Kaltenbacher Altgebäude (Schleinitzstrasse), Raum SN19.2
Ivanov regularization for parameter identification in ellipic PDEs
Barbara Kaltenbacher (Alpen-Adria-Universität Klagenfurt), Christian Clason (), Andrej
Klassen (), Franz Rendl (), Elena Resmerita ()
In this talk we present a method for the regularized solution of nonlinear inverse problems,
based on Ivanov regularization (also called method of quasi solutions). This leads to the min-
imization of a possibly non-convex cost function under a norm constraint, which we propose
to do by repeated solution of quadratic trust region subproblems using an efficient method
for trust region problems with possibly indefinite Hessian developed by Rendl and Wolkow-
icz, 1997. We will present a convergence analysis of the overall method and comment on its
applicability to some standard parameter identification problems in elliptic PDEs.
This is joint work with Christian Clason and Andrej Klassen, University of Duisburg-Essen,
as well as Franz Rendl and Elena Resmerita, Alpen-Adria-Universität Klagenfurt.
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09.03.2016 08:50 Frank Pörner Altgebäude (Schleinitzstrasse), Raum SN19.2
An iterative Bregman regularization method for optimal control problems with inequal-
ity constraints
Frank Pörner (Universität Würzburg), Daniel Wachsmuth (Universität Würzburg)
This contribution presents an iterative Bregman regularization method for solving optimal
control problems with inequality constraints. Let Ω ⊆ Rn be a domain, Y a Hilbert space,
S : L2(Ω)→ Y linear and continuous. We are interested in solving
Minimize
1
2
‖Su− z‖2Y
such that u ∈Uad,
(1)
withUad := {u ∈ L2(Ω) : ua ≤ u≤ ub}. We apply a Bregman iteration with the regularization
functional J(u) := 12‖u‖2+ IUad(u)(see [1]). Given uk ∈Uad and λk ∈ ∂J(uk) our new iterate
uk+1 is computed as
uk+1 := arg min
1
2
‖Su− z‖2Y +αkDλk(u,uk). (2)
where (αk)k is a sequence of non-negative, uniformly bounded real numbers. Let u† be a
solution of (1) and p† the associated adjoint state. Assume that there exists a set I ⊆ Ω, a
function w ∈ Y and positive constants κ,c such that the following holds (see [2]):
1. (source condition) I ⊃ {x ∈Ω : p†(x) = 0} and χIu† = χIPUad(S∗w),
2. (structure of active set) A=Ω\ I and for all ε > 0 holds: |{x ∈ A : 0< |p†(x)|< ε}| ≤
cεκ .
Under this assumptions we will provide a suitable choice for λk leading to the following con-
vergence result and error estimate for the sequence (uk)k generated by (2):
liminf
k→∞
‖uk−u†‖= 0 and min
j=1,...,k
‖u j−u†‖2≤ c
(
γ−1k + γ
−1
k
k
∑
j=1
α−1j γ
−κ
j + γ
−1
k
k
∑
j=1
α−1j γ
− κ2
j
)
.
Here γk := ∑kj=1
1
α j . For the special case I =Ω or I = /0 we obtain limk→∞
‖uk−u†‖= 0.
References
[1] M. Burger, E. Resmerita, L. He. Error estimation for Bregman iterations and inverse scale
space methods in image restoration. Computing 81 (2007), 109–135.
[2] D. Wachsmuth, G. Wachsmuth, Regularization error estimates and discrepancy principle
for optimal control problems with inequality constraints. Control Cybernet. 40 (2011),
1125–1158.
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09.03.2016 09:10 Quyen Tam Nhan Tran Altgebäude (Schleinitzstrasse), Raum SN19.2
Energy functional approach for simultaneously identifying the diffusion matrix, reac-
tion coefficient and source term in an elliptic pde
Quyen Tam Nhan Tran (Hamburg University)
In this talk I would like to present the problem of simultaneously identifying the diffusion
matrix Q, the reaction coefficient a and the source term f in the Dirichlet problem for the
elliptic equation
−div (Q∇u)+au= f in Ω,
u= 0 on ∂Ω
from a measurement zδ of the solution u inΩ. For this purpose we use the non-negative convex
functional
Jδ (Q,a, f ) :=
∫
Ω
Q∇
(
UQ,a, f − zδ
) ·∇(UQ,a, f − zδ)dx+∫
Ω
a
(
UQ,a, f − zδ
)2 dx
together with Tikhonov regularization and consider the strictly convex minimization prob-
lem
min
(Q,a, f )∈Had
Jδ (Q,a, f )+ρR(Q,a, f ),
over the admissible set Had , and consider its unique global solution
(
Qρδ ,a
ρ
δ , f
ρ
δ
)
as recon-
struction. Here ρ > 0 is the regularization parameter and
R(Q,a, f ) := ‖Q‖2L2(Ω)d×d +‖a‖2L2(Ω)+‖ f‖2L2(Ω).
The goal of this work is to present a numerical method for recovering the coefficient (Q,a, f ).
To this end we use the variational discretization concept [5] and show the convergence of ap-
proximations. Under a source condition,which is weaker than that of the general convergence
theory for non-linear ill-posed problems in [1, 2], we prove an error bound for discrete regular-
ized solutions. Finally, we employ a gradient-projection algorithm for the numerical solution
of the regularized problems. The strong convergence of iterates to that of the identification
problem is ensured without smoothness requirements on the sought coefficients. Numerical
results show an efficiency of our theoretical findings.
References
[1] H. W. Engl, M. Hanke and A. Neubauer, Regularization of Inverse Problems. Mathemat-
ics and its Applications, 375. Kluwer Academic Publishers Group, Dordrecht,1996.
[2] H. W. Engl, K. Kunisch and A. Neubauer,Convergence rates for Tikhonov regularization
of nonlinear ill-posedproblems. Inverse Problems, 5(1989), 523–540.
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09.03.2016 14:30 Christian Kahle Altgebäude (Schleinitzstrasse), Raum SN19.2
Optimal control of time discrete two-phase flow governed by a diffuse interface model
Harald Garcke (Universität Regensburg), Michael Hinze (Universität Hamburg),
Christian Kahle (Universität Hamburg)
We present results on optimal control of two-phase flows.The fluid is modeled by a thermo-
dynamically consistent diffuse interfacemodel proposed in [H. Abels, H. Garcke, G. Grün,
Thermodynamically consistent, frame indifferent diffuse interface models for incompressible
two-phase flows with different densities, M3AN, 22(3), 2012] and allows for fluids of differ-
ent densities and viscosities.In earlier work [H. Garcke, M. Hinze, C. Kahle, A stable and lin-
ear timediscretization for a thermodynamically consistent model for two-phaseincompressible
flow,APNUM, 99, 2016] we proposed an energy stable timediscretization for this model that
we now employ to derive existence of optimalcontrols for a time discrete optimal control prob-
lem. Also first orderneccessary conditions are provided.The control aim is to obtain a desired
distributionof the two phases in the system. For this we investigate three control actions.We
use tangential Dirichlet boundary control and distributedcontrol with controls acting inside the
domain.We further consider the inverse problem of finding an initial distribution suchthat the
evolution over a given time horizon starting from this value is close to a desired distribution.
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09.03.2016 14:50 Winnifried Wollner Altgebäude (Schleinitzstrasse), Raum SN19.2
Optimal Control for Fracture Propagation Modeled by a Phase-Field Approach
Ira Neitzel (Universität Bonn), Thomas Wick (RICAM), Winnifried Wollner (Technische Uni-
versität Darmstadt)
We are concerned with an optimal control problem governed by a fracture model using a
phase-field technique. To avoid the non-differentiability due to the irreversibility constraint,
the fracture model is relaxed using a penalization approach. Due to the removal of L∞ bounds
on the phase-field, well posedness of the penalized fracture model needs to be analyzed. Exis-
tence of a solution to the penalized fracture model is shown and utilized to establish existence
of at least one solution for the regularized optimal control problem.
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09.03.2016 15:10 Thomas Slawig Altgebäude (Schleinitzstrasse), Raum SN19.2
Parameter Identification in Climate Models Related to OceanicCO_2 Uptake: Analysis
and Numerical Algorithms
Thomas Slawig (Kiel University), Christina Roschat (Kiel University), Claudia Kratzenstein
(Kiel University), Reimer Joscha (Kiel University), Jaroslaw Piwonski (Kiel University),
Malte Prieß (Kiel University)
The global carbon cycle plays an important role for the investigation of climate change, cli-
mate predictions and possible adaption or geoengineering strategies. The oceanic part is de-
scribed by nonlinearly coupled systems of advection-diffusion-reaction equations. These sys-
tems contain poorly known model parameters (e.g. plankton growth rates) which are subject
to parameter identification performed by optimization methods. Main characteristics of the
problem are the importance of periodic solutions (i.e. stable annual cycles, in contrast to
stationary ones) and the huge effort to compute these solutions in 3-D models.
We present some theoretical results of existence of periodic solutions, discuss the optimization
problem, and present methods to reduce the necessary computational effort in the optimization
process.
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10.03.2016 08:30 Maik Ringkamp Altgebäude (Schleinitzstrasse), Raum SN19.2
Time transformed mixed integer optimal control problems with impacts
Maik Ringkamp (University of Erlangen-Nuremberg), Sina Ober-Blöbaum (University of Ox-
ford), Sigrid Leyendecker (University of Erlangen-Nuremberg)
Mixed integer control systems are used to model and control dynamical behavior that can
change instantly. For example, a robot with one foot on the ground is described by another
differential equation as the same robot with two feet on the ground. The decision which of
the differential equations x˙ = Fv(x,u) is active at which time is a discrete choice and often
described by an integer valued control function v : I→{1,2, . . . ,nv}. Here, the set of discrete
numbers {1,2, . . . ,nv} represent the possible differential equations. A changing value of v
leads to a completely different dynamical behavior described by the integer dependent right-
hand side F with x˙ = Fv(x,u) = F(x,u,v). In contrast to that, the computation of a state
x : I →Rnx or a control function u : I →Rnu is a continuous decision. A slightly changing
value of x or u leads to a slightly changing dynamical behavior. The optimization of x,u and
v is called mixed integer optimal control and can for example be used to find an optimal path
of a walking robot, even if the gait is acyclic. The discretization of the mixed integer optimal
control problem (MIOCP) leads to a mixed integer nonlinear program (MINLP) and gradient
based optimization methods like SQP or interior point methods can not be used to solve the
MINLP at once, since it is in general not differentiable with respect to the integer variables.
We use a time transformation to reformulate the MIOCP. The resulting time transformed
MIOCP (TMIOCP) replaces the integer control function v by a fixed sequence of integer
values and a continuous time control w. A changing value of w allows to change the sequence
of active integer values and therefore allows to change the sequence of active differential
equations. The discretized TMIOCP is a nonlinear program (NLP) that can be solved using
gradient based optimization methods. We extend prior works on the time transformation of
MIOCPs by Gerdts [1] and allow discrete decisions also for holonomic constraints. Instant
switches between different holonomic constraints are used to describe impactive behavior that
for example occurs if a foot hits the ground. We give a brief introduction in our methods and
present optimized trajectories of first computational results.
References
[1] M. Gerdts. A variable time transformation method for mixed-integer optimal control prob-
lems. Optimal Control Applications and Methods, Vol. 27, No. 3, pp. 169-182, 2006.
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10.03.2016 08:50 Falk Hante Altgebäude (Schleinitzstrasse), Raum SN19.2
On the relaxation gap for PDE mixed-integer optimal control problems
Falk Hante (Universität Erlangen-Nürnberg)
Mixed-integer control systems model decision taking, e. g., specifying on/off for some fixed
actuator on a plant, possibly in combination with less restricted control mechanisms of a dy-
namical system. The characterization of optimal controls then becomes challenging, both nu-
merically due to combinatorial aspects and theoretically due to the inherent non-smoothness
of the integer controls. This holds in particular for dynamics governed by PDEs with ap-
plications for example in the operation of critical infrastructure such as gas pipelines, water
canals or highways. We are therefore interested in analyzing the gap made from relaxing the
integer constraints and recovering integer feasible controls from those of the extended prob-
lem. For ODE systems and certain PDE systems with natural smoothing properties like from
elliptic operators, one can obtain a priori estimates on the distance of solutions combining
outer relaxation and sum-up rounding strategies [1]. We have recently extended the analysis
for estimating this relaxation gap also for PDE problems in the class of first order semilinear
hyperbolic systems in one space dimension [2]. The results rely on semi-classical Sobolev-
space regularity theory for such hyperbolic PDEs. In all cases the method is constructive and
the theory provides a convergence result for an algorithm to compute epsilon-optimal mixed-
integer controls. Moreover, the method can be shown to be robust [3]. As an application we
consider a relaxation model for optimal flux switching control in conservation laws motivated
by traffic flow problems.
References
[1] F. M. Hante, S. Sager. Relaxation Methods for Mixed-Integer Optimal Control of Partial
Differential Equations. Computational Optimization and Applications, Vol. 55, Nr. 1, pp
197–225, 2013.
[2] F. M. Hante: Relaxation Methods for Hyperbolic PDE Mixed-Integer Optimal Control
Problems. arXiv:1509.04052, 2015.
[3] M. Gugat, F. M. Hante: Lipschitz Continuity of the Value Function in Mixed-Integer Op-
timal Control Problems. Submitted, 2015.
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10.03.2016 09:10 Hilke Stibbe Altgebäude (Schleinitzstrasse), Raum SN19.2
Worst Case Strategies for Optimal Control Problems with Uncertainties
Hilke Stibbe (Heidelberg University), Ekaterina Kostina ()
Real processes and systems from the fields of engineering, natural science or economics can
often be described by mathematical models. The problem of the models is that they almost al-
ways contain systematic errors as statistical uncertainties of the state and parameter estimates,
model plant mismatch or discretization errors. Moreover the realization of optimal scenarios
which include controls, inital values and design parameters in a concrete process is very in-
accurate. If such uncertainties are ignored, it can lead to an useless mathematical result. This
means, that applications of mathematical optimization to real-life processes need take into ac-
count uncertainties in the process.
On the one hand this may lead to feedback controls, when the nominal optimal control is
updated as soon as the actual state and parameter estimates are available, and on the other
hand this may lead to robust optimization, for example “worst-case” optimization, where it
is searched for an optimal solution that is “good” for all possible realizations of uncertain
parameters. The main interest is the combination of both approaches and the computation
of worst-case feedback optimal controls. These kind of problems have a very high degree of
computational complexity and their solution is often too expensive or too slow for complex
optimization problems, especially in the case of optimal control in real-time. The aim is to
develop quick approximative methods and to implement them efficiently.
In this talk we will present efficient combination of approximative robust optimization meth-
ods and feedback control and their application on linear-quadratic control problems.
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10.03.2016 13:30 Gerd Wachsmuth Altgebäude (Schleinitzstrasse), Raum SN19.2
Discretization of control constrained optimal control problems with higher order finite
elements
Gerd Wachsmuth (TU Chemnitz), Arnd Rösch (Universität Duisburg-Essen)
In this talk we consider the optimal control of an elliptic PDE subject to pointwise control
constraints. We discretize the problem with higher order finite elements in order to achieve
fast convergence with respect to the mesh width h. We propose a discretization of the optimal
control problem which uses lumping for the mass matrices. This scheme has the advantage
that “optimization” and “discretization” commute. We provide a-priori error estimates. In the
case of P2 finite elements, we achieve the order h2 for the L2 error in the state and the adjoint
state on polygonal convex domains. We also obtain convergence order h2 for the optimal
control in the nodes of the discretization and for a post-processed control. The order can be
improved to h3global by a local refinement at the boundary of the active set. The theoretical
findings are confirmed by numerical experiments.
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10.03.2016 13:50 Jarle Sogn Altgebäude (Schleinitzstrasse), Raum SN19.2
Robust preconditioners for optimality systems using Isogeometric Analysis
Jarle Sogn (Johannes Kepler University), Walter Zulehner (Johannes Kepler University)
In this talk we consider optimization problems in function space with objective functionals
of tracking type and elliptic partial differential equations (PDEs) as constraints, like inverse
problems for elliptic PDEs or optimal control problems with elliptic state equations. Such
problems typically involve an additional regularization/cost term depending on a regulariza-
tion/cost parameter. In a recent paper it has been shown that parameter-robust preconditioners
for the associated optimality system are available, if the PDE-constraint is treated in strong
form rather than in standard weak form. This strategy can be carried over to discretized
optimality systems and requires approximation spaces of correspondingly smooth functions.
WhileC1 finite element spaces were used in the recent paper, we will report on the advantages
of Isogeometric Analysis for preconditioning discretized optimality systems.
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10.03.2016 14:10 Lucas Bonifacius Altgebäude (Schleinitzstrasse), Raum SN19.2
Space-Time Discretization of Parabolic Time-Optimal Control Problems
Lucas Bonifacius (TU München), Konstantin Pieper (TU München), Boris Vexler (TU
München)
We consider the following time-optimal control problem subject to a linear parabolic equa-
tion,
Minimize j(T,q) := T +
α
2
∫ T
0
‖q(t)‖2L2(Ω)dt,
T > 0, q ∈ Qad ,
∂tu+Au= Bq, in (0,T )×Ω,
u(0) = u0, in Ω,
‖u(T )−ud‖L2(Ω) ≤ δ ,
(P)
with desired terminal state ud ∈ L2(Ω) and given δ > 0. Moreover, Qad denotes the set of
admissible controls and α > 0 the regularization parameter.
Our aim is the numerical analysis for finite element discretizations of (P). It is worth men-
tioning that (P) is non-convex, possesses a non-linear dependence on T and is subject to state
constraints. For these reasons the existence of Lagrange multipliers is non-trivial.
Thus, we first study the stability of the optimization problem with respect to perturbations
of δ . Under reasonable assumptions on A,B and ud we prove stability of (P). The stability
condition allows to derive first order optimality conditions in qualified form.
Furthermore, we prove second order necessary as well as sufficient optimality conditions. The
latter leads to a quadratic growth condition without two-norm discrepancy.
Employing the quadratic growth condition, we show a priori discretization error estimates for
a discontinuous Galerkin discretization scheme in time and a continuous Galerkin scheme in
space.
Moreover, we prove a priori discretization error estimates for the objective function values
by employing similar arguments as for proving the stability condition. In particular, this tech-
nique does not rely on a second order sufficient optimality condition.
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10.03.2016 14:30 Akwum Onwunta Altgebäude (Schleinitzstrasse), Raum SN19.2
Block-diagonal preconditioning for optimal control problems constrained by PDEs with
uncertain inputs.
Peter Benner (), Akwum Onwunta (MPI Magdeburg), Martin Stoll ()
P. Benner, A. Onwunta and M. Stoll
Max Planck Institute for Dynamics of Complex Technical Systems, Magdeburg, Germany.
We present an efficient approach for simulating optimization problems governed by partial
differential equations involving random coefficients. This class of problems leads to pro-
hibitively high dimensional saddle point systems with Kronecker product structure, especially
when discretized with the stochastic Galerkin finite element method. Here, we derive and
analyze robust Schur complement-based block diagonal preconditioners for solving the re-
sulting stochastic Galerkin systems with low-rank iterative solvers. Finally, we illustrate the
effectiveness of our solvers with numerical experiments.
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10.03.2016 14:50 Max Winkler Altgebäude (Schleinitzstrasse), Raum SN19.2
Superconvergence results for Neumann boundary control problems on locally refined
meshes
Max Winkler (Universität der Bundeswehr München), Thomas Apel (Universität der Bun-
deswehr München), Johannes Pfefferer (TU München)
Considered are finite element error estimates for optimal Neumann boundary control prob-
lems on three-dimensional polyhedral domains. In this talk we discuss a discretization using
a piecewise constant approximation for the control and a continuous and piecewise linear ap-
proximation for the state and co-state variable. Due to the approximation order used for the
control one would obtain a convergence rate of at most one in the L2(Γ)-norm, but as already
observed for two-dimensional problems the rate two can be achieved for another control ap-
proximation which is computed in a postprocessing step from the discrete co-state function by
a pointwise evaluation of the optimality condition.
The new results presented in this talk are error estimates for the case that the computational
domain is polyhedral. Due to the presence of singularities in the vicinity of edges and vertices
of the domain we observe that the convergence rate on quasi-uniform meshes is lower than
on domains having a smooth boundary. With the aim to restore the optimal convergence rate,
locally refined meshes are also considered and we present refinement criteria that guarantee
the desired convergence rates. All presented error estimates and refinement criteria are sharp
as improved regularity results in weighted Sobolev spaces are exploited which capture the
singular functions more accurately.
In order to prove an error estimate for the control approximation derived from the postprocess-
ing strategy two interim results are required that are rather technical to prove. Firstly, an error
estimate for the trace of the finite element approximation of the co-state in the L2(Γ)-norm,
and secondly, an estimate for the discrete state variable in the L2(Ω)-norm have to be derived.
However, the Aubin-Nitsche method cannot be directly applied to the discrete optimality con-
dition. As a remedy the L2(Ω)-estimate is shown using superconvergence properties and a
supercloseness principle for the midpoint interpolant.
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10.03.2016 15:10 Sebastien Court Altgebäude (Schleinitzstrasse), Raum SN19.2
Moving interfaces in Finite Element Methods: A fictitious domain approach
Sebastien Court (Institut für Mathematik - KFU GRAZ)
Addressing PDE problems that involve moving boundaries is a delicate issue since the geom-
etry of the domain can make part of the unknowns and can generate strong nonlinearities.
Simulating this kind of situations could lead to consider moving computational domains; In-
stead of that, we use finite element formulations with a fictitious domain approach for which
the boundary does not fit the mesh: The goal is to change the less things we need when the
boundary moves through the time.
The method we present here has been first introduced in [1] for the Poisson problem and then
adapted in [2] for the Stokes problem, and then for Navier-Stokes problem in [3]. A first il-
lustration is the unsteady displacement of a solid immersed in a viscous incompressible fluid.
An other illustration of this class of methods lies in an algorithmic framework. For instance,
for solving numerically an inverse problem, the iterative update of an interface does not ne-
cessitate to re-mesh the whole domain (see [4]). It leads to a gain of time computation and
resources. We will take a look at an inverse problem consisting in recovering information (po-
sition, shape) on a crack responsible for displacement discontinuities inside a volcano. The
data we have are measurements on the surface of the volcano.
References
[1] J. HASLINGER AND Y. RENARD, A new fictitious domain approach inspired by the
extended finite element method, SIAM J. Numer. Anal., 47 (2009), no. 2, pp. 1474–
1499.
[2] S. COURT, M. FOURNIÉ AND A. LOZINSKI, A fictitious domain approach for the Stokes
problem based on the extended finite element method, Int. J. Numer. Meth. Fluids., 74
(2014), pp. 73–99.
[3] S. COURT, M. FOURNIÉ, A fictitious domain finite element method for simulations of
fluid-structure interactions: The Navier-Stokes equations coupled with a moving solid,
Journal of Fluids and Structures, no. 55 (2015), pp. 398–408.
[4] S. COURT, O. BODART, V. CAYOL AND J. KOKO, XFEM based fictitious domain
method for linear elasticity model with crack, to appear in SIAM Scientific Computing.
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10.03.2016 17:00 Tim Albring Altgebäude (Schleinitzstrasse), Raum SN19.2
On the Influence of Approximations used in Discrete Adjoint Methods for Optimization
with the Reynolds-Averaged Navier-Stokes Equations
Tim Albring (TU Kaiserslautern), Nicolas R. Gauger (TU Kaiserslautern)
During the last few decades efficient optimization with PDE constraints have become increas-
ingly important. Especially in aerodynamic design, where the Reynolds-averaged Navier-
Stokes equations are used as the state equations, adjoint methods are quite successful as they
require only one evaluation of the underlying adjoint system to obtain the sensitivities for an
arbitrary number of design variables.Although the continuous version is efficient in terms of
memory consumption and run-time, it is difficult to extend the approach to handle additional
equations like turbulence or transition models, for example. Furthermore, there are incon-
sistencies between the calculated gradient and the objective function. In theory, a possible
remedy for the latter problem is the use of discrete adjoint methods where the optimal control
approach is applied to the discretized state equations. Still, they can suffer from a similar
drawback as it may lead to consistency and robustness problems if the numerical methods are
not properly linearized.
This contribution investigates the influence of various approximations commonly used in dis-
crete adjoint methods. By starting with the fixed-point formulation of the discretized state
equations it is possible to derive a general discrete adjoint formulation that yields a consistent
linearization of the state solution process [1]. Several assumptions can be made to arrive at
the widely used approach that only incorporates the state Jacobian [2]. Here, further simpli-
fications can be made to reduce the memory and runtime requirements [3]. We will carefully
evaluate the influence on convergence, accuracy and performance for each level of approxi-
mation. Finally, the resulting gradients will be used for different shape optimization problems
to evaluate their practical use.
References
[1] T. Albring, M. Sagebaum, N.R. Gauger. Development of a Consistent Discrete Adjoint
Solver in an Evolving Aerodynamic Design Framework. AIAA Paper 2015-3240, 2015.
[2] M.B. Giles, N.A. Pierce. An Introduction to the Adjoint Approach to Design. Flow, Tur-
bulence and Combustion, Vol. 65, pp. 393-415, 2000.
[3] R.P. Dwight, J. Brezillon. Effect of Approximations of the Discrete Adjoint on Gradient-
Based Optimization, AIAA Journal, Vol. 44, pp. 3022-3031, 2006.
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10.03.2016 17:20 Björn Martens Altgebäude (Schleinitzstrasse), Raum SN19.2
Second Order Sufficient Conditions and Convergence Analysis of Approximations for
Optimal Control Problems subject to Index-One Differential-Algebraic Equations
Björn Martens (Munich University of the Federal Armed Forces), Matthias Gerdts (Munich
University of the Federal Armed Forces)
For optimal control problems subject to index-one differential-algebraic equations in semi-
explicit form we discuss second order sufficient conditions in form of a coercivity condition
taking into account the two-norm discrepancy. Furthermore we introduce a related Riccati-
type and Legendre-Clebsch condition which are sufficient for the validity of the coercivity
condition. Using the implicit Euler-discretization we approximate the optimal control problem
and analyze the convergence of solutions of the local minimum principle for the discretized
optimal control problem by applying the general convergence framework of Stetter, which
requires the discretization method to be continuous, consistent, and stable.
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10.03.2016 17:40 Stefanie Günther Altgebäude (Schleinitzstrasse), Raum SN19.2
Simultaneous PDE-constrained optimization in chaotic dynamics
Stefanie Günther (TU Kaiserslautern), Nicolas Gauger (), Qiqi Wang ()
Integrating unsteady PDE solvers into a simultaneous optimization method is challenging due
to the forward-in-time information propagation of traditional time-marching schemes. Espe-
cially in the presence of chaotic dynamics, small changes to the design can lead to massive
changes of the solution at later time chunks. Solving the initial value problem simultaneously
with the optimization problem therefore often scales poorly with the time domain length. We
present a framework for simultaneous one-shot optimization with unsteady PDEs that over-
comes this scalability barrier by reformulating the unsteady constraints. The new formulation
relaxes the initial value of the unsteady PDE and solves a least squares problem in the space-
time cylinder instead. Changes to the design and changes to the trajectory at earlier time
chunks can then be accommodated by changes in the initial condition. This allows for both
forward- and backward-in-time information propagation and enables simultaneous one-shot
optimization that is independent of the time domain length.
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10.03.2016 18:00 Björn Baran Altgebäude (Schleinitzstrasse), Raum SN19.2
Adjoint-Based Optimal Boundary Control of a Stefan Problem System Fully Coupled
with Navier-Stokes Equations
Björn Baran (Max-Planck-Institut für Dynamik komplexer technischer Systeme), Jan Heiland
(Max-Planck-Institut für Dynamik komplexer technischer Systeme)
Free boundary and moving boundary problems, that can be used to model crystal growth
or the solidification and melting of pure materials, receive growing attention in science and
technology [1, 2]. The optimal control of these problems appear even more interesting since
certain desired shapes of the boundaries improve, e.g., the material quality in the case of crystal
growth. We consider the so called two-phase Stefan problem that models a solid and a liquid
phase separated by a moving interface. In both phases the heat distribution is characterized by
the heat equation. The fluid flow in the liquid phase is described by Navier-Stokes equations.
The interface movement is coupled with the temperature through the Stefan condition. This
condition connects the normal velocity of the interface to the jump of the temperature gradient
across the interface.
In the work presented, we take a sharp interface model approach and define a quadratic
tracking-type cost functional that penalizes the deviation of the interface from the desired state
at a final time as well as the control costs. Following the "optimize-then-discretize" paradigm,
we formulate a first order optimality system using the formal Lagrange approach and derive
the adjoint PDE system that provides the needed gradient of the cost functional.
By means of an example setup of a container with an in- and outflow of water and a cooling
unit at the bottom, we illustrate how the derived formulations can be used to achieve a desired
interface between the solid and the fluid phase by controlling the flow at the inlet. Among other
implementation issues, we address how to handle the weak discontinuity of the temperature
along the interface in a finite element framework with mesh movement methods as in [3].
References
[1] M. Bernauer, Motion Planning for the Two-Phase Stefan Problem in Level Set Formula-
tion, PhD thesis, Chemnitz University of Technology, 2010.
[2] S. Ziegenbalg, Kontrolle freier Ränder bei der Erstarrung von Kristallschmelzen, PhD
thesis, Technische Universität Dresden, 2008.
[3] E. Bänsch, J. Paul, and A. Schmidt, An ALE finite element method for a coupled Stefan
problem and Navier-Stokes equations with free capillary surface, International Journal for
Numerical Methods in Fluids, 71(10):1282-1296, 2013.
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10.03.2016 18:20 Arthur Fleig Altgebäude (Schleinitzstrasse), Raum SN19.2
Optimal tracking control of probability density functions
Arthur Fleig (University of Bayreuth), Lars Grüne (University of Bayreuth), Roberto
Guglielmi (Johann Radon Institute for Computational and Applied Mathematics)
In optimal control of stochastic processes, focusing on the statistical point of view, it is mean-
ingful to control the associated probability density function instead of steering the process
directly. For many stochastic processes described by ordinary Ito stochastic differential equa-
tions, the evolution of the underlying probability density function is modeled by the Fokker-
Planck equation, a second order PDE of parabolic type. This approach results in a determin-
istic, PDE-constrained optimal control problem.
In this talk, we analyze the problem of tracking the solution of the Fokker-Planck equation,
i.e, the desired probability density function, over a fixed time interval. The control appearing
in the drift term may depend on time and space, resulting in a bilinear control structure. We
present results regarding existence of optimal controls and first-order necessary optimality
conditions for the L2-tracking of the probability density function in space (and time). A Model
Predictive Control scheme is applied to solve the above problem computationally. First results
concerning the stability of the MPC closed-loop feedback system are provided. Numerical
simulations complement the analysis.
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10.03.2016 18:40 Georg Vossen Altgebäude (Schleinitzstrasse), Raum SN19.2
Induced optimization for PDE constrained optimal control problems with linearly ap-
pearing control variables
Georg Vossen (Hochschule Niederrhein)
We consider optimal control problems subject to PDE constraints where the control variable
appears only linearly. This type of problem occurs in many applications but provides sev-
eral theoretical and numerical difficulties when regularization terms are neglected since the
resulting controls can be bang-bang or singular.
In optimal control for ODEs, the so-called induced optimization approach can be used for the
numerical treatment of such problems. This method transforms the optimal control problem
into a finite-dimensional optimization problem with switching times as variables. It also offers
a convenient possibility for the verification of sufficient optimality conditions and the applica-
tion of sensitivity analysis in the class of controls with the same control structure. As a further
benefit, it can be shown that this second order analysis can be applied on the basis of only first
order variational derivatives. For bang-bang controls with certain regularity properties, even
the optimality in the class of all possible controls is ensured.
In this talk, we extend the ODE approach to the case of PDE constraints. We discuss theoreti-
cal aspects and present numerical examples to illustrate the method.
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10.03.2016 19:00 Nagaiah Chamakuri Altgebäude (Schleinitzstrasse), Raum SN19.2
Optimal control of bidomain-bath model
Nagaiah Chamakuri (MDC, Berlin), Karl Kunisch (University of Graz, Austria)
In this talk we present a feasible study of optimal control techniques for cardiac defibrillation
on the basis of the bidomain-bath equations posed on a realistic rabbit ventricle geometry.
The bidomain model consist of a system of elliptic partial differential equations coupled with
a non-linear parabolic equation of reaction-diffusion type, where the reaction term, modeling
ionic transport is described by a set of ordinary differential equations. The bidomain model is
coupled with the quasi-static Maxwell’s equation to consider the effect of an external bathing
medium. The optimal control approach is based on minimizing a properly chosen cost func-
tional depending on the extracellular current as input at the boundary of bath domain, which
must be determined in such a way that wavefronts of transmembrane voltage in cardiac tissue
are smoothed in an optimal manner. The existence and uniqueness of a weak solution for the
direct problem is presented as well as the existence of a weak solution for the adjoint problem.
A parallel finite element based algorithm is devised to solve an optimal control problem on
such complex geometries and its efficiency is demonstrated not only for the direct problem
but also for the optimal control problem.
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11.03.2016 08:30 Zhiping Rao Altgebäude (Schleinitzstrasse), Raum SN19.2
Optimal control problems of dynamical systems with sparsity functional
Dante Kalise (RICAM Linz), Karl Kunisch (University of Graz), Zhiping Rao (RICAM Linz)
A class of optimal control problems involving Lp-type penalties with 0< p≤ 1 is discussed.
The cost functional with this type of control penalization is nonsmooth, and it is nonconvex
when 0< p< 1. It is known in the literature that the L1-control cost can promote sparse con-
trol, while the non-convex case remains an unclear issue. In this work, we focus on infinite
horizon problems. For the 0 < p < 1 case the problem is reformulated as a time-discretized
nonconvex problem in infinite dimensional sequence space `p. The existence results are de-
rived for both the convex case and nonconvex case using different tools, and the sparse struc-
tural properties of the optimal controls are analyzed. A dynamic programming approach is
proposed to solve the problems, and numerical examples are presented to illustrate the sparse
optimal controls obtained by solving the Hamilton-Jacobi-Bellman equations arising in the
optimal control problems.
1515

11.03.2016 08:50 Carmen Gräßle Altgebäude (Schleinitzstrasse), Raum SN19.2
A residual based snapshot location strategy for POD in distributed optimal control of
linear parabolic equations
Alessandro Alla (University of Hamburg), Carmen Gräßle (University of Hamburg), Michael
Hinze (University of Hamburg)
In this talk we study the approximation of a distributed optimal control problem for linear para-
bolic PDEs with model order reduction based on Proper Orthogonal Decomposition (POD-
MOR). POD-MOR is a Galerkin approach where the basis functions are obtained upon in-
formation contained in time snapshots of the parabolic PDE related to given input data. In
the present work we show that for POD-MOR in optimal control of parabolic equations it
is important to have knowledge about the controlled system at the right time instances. For
the determination of the time instances (snapshot locations) we propose an a-posteriori error
control concept which is based on a reformulation of the optimality system of the underlying
optimal control problem as a second order in time and fourth order in space elliptic system
which is approximated by a space-time finite element method. Finally, we present numerical
tests to illustrate our approach and to show the effectiveness of the method in comparison to
existing approaches.
References
[1] W. Gong, M. Hinze, Z.J.Zhou. Space-time finite element approximation of parabolic
optimal control problems.J. Numer. Math, 20, 2012, 111-145.
[2] I. Neitzel, U. Prüfert, T. Slawig. On Solving Parabolic Optimal Control Problems by
Using Space-Time Discretization.Technical Report 05-2009, TU Berlin
[3] K. Kunisch and S. Volkwein. Proper Orthogonal decomposition for optimality systems.
ESAIM: M2AN, 42, 2008, 1-23.
[4] K. Kunisch and S. Volkwein.Optimal Snapshot Location for computing POD basis func-
tions.ESAIM: M2AN, 44, 2010, 509-529.
[5] R.H.W. Hoppe and Z. Liu. Snapshot location by error equilibration in proper orthogo-
nal decomposition for linear and semilinear parabolic partial differential equations J. of
Numer. Math., 22, 2014, 1-32.
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11.03.2016 09:10 Martin Grepl Altgebäude (Schleinitzstrasse), Raum SN19.2
A certified trust-region reduced basis approach to PDE-constrained optimization
Elizabeth Qian (), Martin Grepl (RWTH Aachen), Karen Veroy (), Karen Willcox ()
Parameter optimization problems constrained by partial differential equations (PDEs) appear
in many applications in science and engineering. The PDE usually describes the underlying
system or component behavior, while the parameters serve to identify a particular configu-
ration of the component — such as boundary and initial conditions, material properties, and
geometry. Especially in applications involving many parameters, solving these optimization
problems may require a prohibitively large number of computationally expensive PDE solves
if classical discretization techniques such as finite elements (FE) or finite volumes (FV) are
used. One way to decrease the computational burden is the surrogate model approach, where
the original high-dimensional FE or FV model is replaced by its reduced order approxima-
tion.
Numerous model reduction approaches exist in the literature and have been successfully used
in PDE constrained optimization and optimal control. In our work we build on the reduced
basis (RB) method, a model reduction method that allows efficient and reliable reduced or-
der approximations for a large class of parametrized PDEs. There are currently two main
approaches on how to employ the RB method as a surrogate model in PDE-constrained op-
timization. In the first approach, the RB model is generated during the offline phase for a
certain admissible parameter space. The optimization problem can then be solved efficiently
using the online phase. However, this approach might incur an unnecessary computational
cost since the RB model is generated for the whole admissible parameter set without a priori
knowledge of the optimal solution. In the second approach, the reduced order model is used
within a trust region or sequential quadratic programming (SQP) framework and built on the
fly, i.e., high-order and reduced-order solves intertwine. We note that there are several con-
tributions on the use of approximate models in a trust region framework, see e.g. the works
by Carter, Alexandrov et al., and Arian et al. However, due to a lack of a posteriori error
control of the reduced order models used, these approaches may still require many solutions
of the high-dimensional problem to guarantee convergence to the optimal solution, thus again
reducing the overall computational efficiency.
In this talk, we focus on the second approach and employed the RB method within a trust re-
gion framework. We first extend existing a posteriori error bounds for RB approximations and
derive a posteriori error bounds for the cost functional and its gradient. We then incorporated
these bounds into the trust region framework, which allows us to guarantee convergence of the
trust region reduced basis approach solely based on the error bounds. To this end, we use a re-
cent result from Yue and Meerbergen replacing the standard by relaxed first-order conditions.
The proposed method thus requires only a minimal number of high-order FE solves, mainly
to update the RB model if the approximation is no longer sufficiently accurate. We consider
problems governed by elliptic and parabolic PDEs with linear and quadratic cost and present
preliminary numerical results for a thermal fin model problem with up to six parameters.
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08.03.2016 08:30 Karl Worthmann Altgebäude (Schleinitzstrasse), Raum SN19.4
Stability and Feasibility of State-constrained Model Predictive Control
Andrea Boccia (Massachusetts Institute of Technology), Lars Grüne (University of Bayreuth),
Karl Worthmann (TU Ilmenau)
Assuming a local controllability condition model predictive control in the presence of state
and control constraints is considered. Here, stability and recursive feasibility are derived on
arbitrary level sets of the infinite horizon value function for sufficiently large optimization
horizon. For stabilizable linear systems the same is shown for any compact subset of the
interior of the viability kernel.
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08.03.2016 09:10 Sina Ober-Blöbaum Altgebäude (Schleinitzstrasse), Raum SN19.4
Higher order variational integrators in optimal control theory
Sina Ober-Blöbaum (University of Oxford)
The construction of integration and numerical optimal control methods relies on a discretiza-
tion of the underlying dynamical system. In recent years, much effort in designing numerical
methods for the simulation and optimization has been put into schemes which are structure
preserving. One particular class are variational integrators which are momentum preserving
and symplectic. To ensure moderate computational costs for long-time simulations, typically
first or second order integrators are used. However, many applications, in particular optimal
control problems in space mission design, demand more accurate discretization schemes.
In this talk, we develop a convergence theory on higher order variational integrators applied
to finite-dimensional optimal control problems posed with mechanical systems. First, we de-
rive two different kinds of high order variational integrators based on different dimensions of
the underlying approximation space. While the first well-known integrator is equivalent to
a symplectic partitioned Runge-Kutta method, the second integrator, denoted as symplectic
Galerkin integrator, yields a method which in general, cannot be written as a standard sym-
plectic Runge-Kutta scheme [1].Furthermore, we use these integrators for the discretization
of optimal control problems. By analyzing the adjoint systems of the optimal control problem
and its discretized counterpart, we prove that for these particular integrators optimization and
discretization commute [2]. This property guarantees that the convergence rates are preserved
for the adjoint system which is also referred to as the Covector Mapping Principle.
References
[1] S. Ober-Blöbaum. Galerkin variational integrators and modified symplectic Runge-Kutta
methods.To appear in IMA Numerical Analysis, 2015.
[2] C. M. Campos, S. Ober-Blöbaum, and E. Trélat. High order variational integrators in
the optimal control of mechanical systems.Discrete and Continuous Dynamical Systems,
35(9):4193–4223, 2015.
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08.03.2016 17:00 Tim Mitchell Altgebäude (Schleinitzstrasse), Raum SN19.4
H-infinity Optimizing Controller Design for Large-Scale Dynamical Systems without
Model-Order Reduction
Tim Mitchell (Max Planck Institute for Dynamics of Complex Technical Systems), Michael L.
Overton (Courant Institute of Mathematical Sciences, New York University)
The state of the art for designing fixed low-order controllers that optimize the H∞ norm of
linear time-invariant dynamical systems with inputs and outputs has seen remarkable progress
over the last ten years. Advances and application of nonsmooth optimization methods has
culminated in effective H∞ controller design tools, such as the open-source HIFOO [3] and
proprietary hinfstruct [1, 2] MATLAB software packages, now used by engineers in appli-
cations. Model-order reduction techniques have further extended their usage to the domain of
large-scale dynamical systems, where the Hamiltonian eigenvalue and singular value decom-
positions required to compute the H∞ norm via the standard Boyd-Balakrishnan-Bruinsma-
Steinbuch algorithm would otherwise be computationally intractable. However, controllers
designed for reduced-order models may sometimes result in unstable closed-loop plants when
applied to the larger-scale systems. We consider an alternative approach of directly design-
ing fixed low-order controllers for large-scale sparse systems, notably without model-order
reduction, by employing an algorithm called Hybrid-Expansion-Contraction (HEC) [4], the
latest of several recently developed scaleable and fast H∞ norm approximation methods. Our
controller design code HIFOOS [5], based upon HEC and a modified version of the HIFOO
toolbox, relies solely upon sparse solvers for finding eigenvalues of largest real part, such as
eigs in MATLAB.
References
[1] P. Apkarian and D. Noll.Controller design via nonsmooth multidirectional search.
SIAM J. Control Optim., 44(6):1923–1949 (electronic), 2006.
[2] P. Apkarian and D. Noll.Nonsmooth H∞ synthesis.IEEE Trans. Automat. Control,
51(1):71–86, 2006.
[3] J.V. Burke, D. Henrion, A.S. Lewis, and M.L. Overton. HIFOO - a MATLAB
package for fixed-order controller design and H∞ optimization.In Fifth IFAC Sym-
posium on Robust Control Design, Toulouse, 2006.
[4] T. Mitchell and M.L. Overton. Hybrid expansion-contraction: a robust scaleable
method for approximating the H∞ norm. IMA Journal of Numerical Analysis,
2015,doi:10.1093/imanum/drv046
[5] T. Mitchell and M.L. Overton.Fixed low-order controller design and H∞ optimiza-
tion for large-scale dynamical systems.In 8th IFAC Symposium on Robust Control
Design, Bratislava, 2015.
1525

08.03.2016 17:20 Martin Redmann Altgebäude (Schleinitzstrasse), Raum SN19.4
Model order reduction for linear controlled SDEs with Lévy noise
Martin Redmann (MPI Magdeburg), Peter Benner ()
SPDEs with Lévy noise can be used to model chemical, physical or biological phenomena
which contain uncertainties. In this talk, we consider semi-discretised versions of these SPDEs
which might be of large order. Thegoal is to save computational time by replacing large scale
systems by systems of low order capturing the main information.In particular, we investigate
stochastic heat and damped wave equations which we approximate by a Galerkin scheme.
This leads to high dimensional ordinary SDEs. We reduce this dimension by using balancing
related model order reduction (MOR) techniques which are well-known from the deterministic
controltheory and can be extended to stochastic equations as well. The idea of balancing
a system is to create a system where the dominant reachable and observable states are the
same. Afterwards, the diffcult to observe anddiffcult to reach states are neglected to obtain a
reduced order model.In this talk, we discuss balanced truncation and the singular perturbation
approximation for stochastic equations with Lévy noise which are balancing related MOR
techniques. We compare these methods, summarise already existing results and discuss recent
achievements.
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08.03.2016 17:40 Petar Mlinaric´ Altgebäude (Schleinitzstrasse), Raum SN19.4
Stability preserving model reduction for linearly coupled linear time-invariant systems
Peter Benner (), Sara Grundel (), Petar Mlinaric´ (MPI Magdeburg)
Monshizadeh et al. developed a stability preserving model reduction method for multi-agent
systems with general, linear time-invariant, identical agents, using Bounded Real Balanced
Truncation. The method is based on a sufficient condition for stability of the networked sys-
tem. Here we extend this method to linearly coupled linear time-invariant systems using the
sufficient condition for stability introduced by Reis and Stykel. The model reduction error
bounds for this method also follow from results of Reis and Stykel.
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08.03.2016 18:00 Benjamin Unger Altgebäude (Schleinitzstrasse), Raum SN19.4
Structure-preserving input/ouput realization of dynamical systems
Benjamin Unger (TU Berlin), Philipp Schulze (TU Berlin), Christopher Beattie (Virginia
Tech), Serkan Gugercin (Virginia Tech)
The task of finding a dynamical system that interpolates input/output data in the frequency
domain is investigated. Hereby, we assume knowledge of the structure of the system from
which the data originates. Examples for structure are internal state delays or second order
formulation, which we would like to preserve in the realization. More precisely, we consider
realizations that yield transfer functions of the form
Hr(s) =Cr
(
N
∑
k=1
hk(s)Ak,r
)−1
Br
with known analytic functions hk. In this talk we present two different solutions to the prob-
lem. First, we derive sufficient conditions for interpolation, which are based on a result from
[1]. For the special case N = 2, this condition yields a computationally inexpensive realiza-
tion that generalizes the Loewner framework [2]. Second, we present necessary conditions
for interpolation. The resulting degrees of freedom can be used for Hermite interpolation
or matching of additional data without increasing the state-space dimension. The results are
illustrated by numerical examples.
References
[1] C. Beattie and S. Gugercin. Interpolatory projection methods for structure-preserving
model reduction. Syst. Control. Lett., 58(3):225–232, 2009.
[2] A. J. Mayo and A. C. Antoulas. A framework for the solution of the generalized realiza-
tion problem. Linear Algebra Appl., 425(2-3):634–662, 2007.
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08.03.2016 18:20 Patrick Kürschner Altgebäude (Schleinitzstrasse), Raum SN19.4
The benefits of restricting balanced truncation to small time or frequency intervals
Patrick Kürschner (Max Planck Institute for Dynamics of Complex Technical Systems)
In 1990, Gawronski and Juang proposed variations of balanced truncation model order reduc-
tion for linear systems, where accurate reduced order models are only sought in limited time or
frequency intervals. Next to the Lyapunov equations to be solved numerically, this introduces
also matrix valued functions which have to be dealt with as well. We show that, by using ad-
equately implemented algorithms for large-scale matrix problems, these restricted versions of
balanced truncation can be executed at a comparable or even less numerical effort. Addition-
ally, the accuracy of the obtained approximations is significantly higher in the targeted time or
frequency regions. If time permits, the issue of the theoretical loss of the stability preservation
will also be discussed.
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08.03.2016 18:40 Tobias Breiten Altgebäude (Schleinitzstrasse), Raum SN19.4
Structure-preserving balanced truncation for time fractional systems
Tobias Breiten (University of Graz)
Based on the theory of linear Volterra integro-differential systems, a structure-preserving
model reduction method for large-scale time fractional systems is studied. The approach relies
on generalized system Gramians that can be characterized as solutions of certain delay Lya-
punov equations similarly arising for other classes (e.g. finite delay) of systems. The usual
energy interpretation of the Gramians is provided and a reduced-order model is obtained by
truncation of a balanced system. Numerical examples demonstrating the applicability of the
method are given.
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09.03.2016 08:30 Volker Mehrmann Altgebäude (Schleinitzstrasse), Raum SN19.4
Port-Hamiltonian Realizations of Linear Time Invariant Systems
Christopher Beattie (Virginia Tech), Volker Mehrmann (TU Berlin), Hongguo Xu (Univ. of
Kansas)
The question when a general linear time invariant control system is equivalent to a port-
Hamiltonian systems is answered. Several equivalent characterizations are derived which
extend the characterizations of Willems to the general non-minimal case. An explicit con-
struction of the transformation matrices is presented which uses a recursive procedure to solve
the arising linear matrix inequalities.
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09.03.2016 08:50 Achim Ilchmann Altgebäude (Schleinitzstrasse), Raum SN19.4
Outer transfer functions of DAEs
Achim Ilchmann (Inst. f. Mathematik)
We consider differential-algebraic systems (DAEs) whose transfer function is outer (all trans-
mission zeros lie in the closed left half complex plane). Outer will be characterized in the time-
domain. The zero dynamics of systems with outer transfer functions are analyzed. We further
show that our characterizations of outer provide a simple analysis of the linear-quadratic opti-
mal control problem.
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09.03.2016 09:10 Matthias Voigt Altgebäude (Schleinitzstrasse), Raum SN19.4
Inner-Outer Factorization for Differential-Algebraic Equations
Matthias Voigt (Technische Universität Berlin), Timo Reis (Universität Hamburg)
In this talk we discuss the inner-outer factorization problem for transfer functions of differential-
algebraic systems which plays an important role in robust control. We show how to construct
realizations of the respective factors by the solution of certain Lur’e equations. In contrast to
previous work, previous reductions of the system are not necessary and no additional assump-
tions such as stability, properness, or right invertibility are imposed. In this way we obtain
novel results about the structure of the problem.
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09.03.2016 14:30 Ferdinand Küsters Altgebäude (Schleinitzstrasse), Raum SN19.4
Constant-input observability of DAEs
Ferdinand Küsters (Fraunhofer Institute for Industrial Mathematics ITWM)
Unknown-input observers have been developed for ODEs [2] and DAEs [3]. The unknown-
input observer for ODEs requires strong detectability, see [2]. In the DAE-case a similar
requirement holds. Following an idea of [4] we consider a weaker notion of observability
(and detectability) for unknown input, which assumes the input to be constant. Necessary and
sufficient conditions for constant-input observability of regular DAEs are given. The notion is
then related to classical observability and strong observability.
Observers based on constant-input detectability are considered and applied to systems with
non-constant, but slowly time-varying input.
Finally, we consider a DAE model of a power network [1]. In this model it is reasonable
to assume that not all inputs are accessible. In contrast to classical observability, constant-
input observability of this system can be characterized by a simple criterion on the underlying
graph.
References
[1] Tjorben B. Gross, Stephan Trenn and Andreas Wirsen, Topological solvability and index
characterizations for a common DAE power system model, 2014 IEEE Conference on
Control Applications (CCA) pages 9–14, 2014.
[2] Malo L. J. Hautus, Strong detectability and strong observers, Lin. Alg. Appl., 50:352–368,
1983.
[3] Peter C. Müller and Ming Hou, Beobachter für lineare Deskriptor-Systeme mit un-
bekannten Eingängen/Observer for linear descriptor systems with unknown inputs, at-
Automatisierungstechnik, 40(6):220-227, 1992.
[4] James S. Meditch, Gene H. Hostetter, Observers for systems with unknown and inacces-
sible inputs, International Journal of Control, 19(3):473–480, 1974.
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09.03.2016 14:50 Stephan Trenn Altgebäude (Schleinitzstrasse), Raum SN19.4
Stabilization of switched DAEs via fast switching
Stephan Trenn (TU Kaiserslautern)
Switched differential algebraic equations (switched DAEs) can model dynamical systems with
state constraints together with sudden structural changes (switches). These switches may lead
to induced jumps and can destabilize the system even in the case that each mode is stable.
However, the opposite effect is also possible; in particular, the question of finding a stabilizing
switching signal is of interest. One approach to find such a stabilizing switching signal is via
the so called averaging technique. For sufficiently fast switching the solution behavior of the
switched system can be approximated by the trajectory of a non-switched system. It will be
shown, how the known averaging results for switched DAEs can be utilized to construct a
stabilizing switching signal.
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09.03.2016 15:10 Jan Heiland Altgebäude (Schleinitzstrasse), Raum SN19.4
Exponential Stability and Stabilization of Nonlinear Systems via Extended Lineariza-
tions
Jan Heiland (Max Planck Institute for Dynamics of Complex Technical Systems), Peter Ben-
ner (Max Planck Institute for Dynamics of Complex Technical Systems)
In the work presented, we address the issue of driving a nonlinear system into a non attractive
steady state.
We illustrate how a sufficiently smooth nonlinear system
z˙(t) = f (z(t))+Bu(t), z(0) = z0 ∈ Rn,
that is autonomous and affine in the control u, can be forced into a desired steady state z∗
via a nonlinear feedback law that is defined to exponentially stabilize an associated extended
linearization or state-dependent coefficient system
x˙(t) = A(x(t))x(t)+Bu(t), x(0) = z∗ ∈ Rn,
where A : Rn→ Rn×n.
Extending and specifying recent results on stability of time-varying systems [1], we develop
sufficient conditions for the exponential decay of solutions to the extended linearization with-
out an input. We show that if the coefficient matrix, among others, is uniformly stable in a
sufficiently large neighborhood of the current state, then the state will eventually decay. Once
the system is close to zero, recent results on local stabilization can be applied [2, 3].
Based on the theoretical findings, we propose a scheme for continuously updating a given,
locally valid Riccati based feedback [4] so that its stabilizing properties are maintained in the
course of the state evolution for a certain period of time.
References
[1] Adrian T. Hill and Achim Ilchmann. Exponential stability of time-varying linear systems.
IMA Journal of Numerical Analysis, 31(3):865–885, 2011.
[2] E. Bänsch, P. Benner, J. Saak, and H. K. Weichelt. Riccati-based boundary feedback
stabilization of incompressible Navier-Stokes flows. SIAM J. Sci. Comput., 37(2):A832–
A858, 2015.
[3] Tobias Breiten and Karl Kunisch. Riccati-based feedback control of the monodomain
equations with the Fitzhugh–Nagumo model. SIAM J. Cont. Optim., 52(6):4057–4081,
2014.
[4] Tayfun Çimen. Survey of state-dependent riccati equation in nonlinear optimal feedback
control synthesis. Journal of Guidance, Control, and Dynamics, 35(4):1025 – 1047, 2012.
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09.03.2016 16:00 Walter V. Wedig Altgebäude (Schleinitzstrasse), Raum SN19.4
Stochastic Models in Vehicle and Rotor Dynamics: Velocity Jumps and Resonance Am-
plifications by Noise
Walter V. Wedig (KIT Karlsruher Institut für Technologie)
Quarter car models riding on road profiles [1] generated by narrow-banded, filtered noise, lead
to resonance reductions [2] for increasing bandwidth and to velocity jumps [3] when a strong
velocity coupling of the along and across dynamics of the vehicle is considered, additionally.
Controlling the driving force of the car, the velocity fluctuates around a mean value because
of the random up and down of the road profile relatively to the moving vehicle.
Nonlinear effects are p-bifurcations of stationary vehicle velocity fluctuations. The velocity
density distribution with one peak bifurcates into bimodal distributions with two peaks when
the driving force approaches the critical range where the vertical car vibrations become res-
onant. In this case, the velocity process of the vehicle is fluctuating around two mean values
with permanent jumps between both.
In rotor dynamics, this jump phenomenon is identified as Sommerfeld [4] effect known from
unbalanced, visco-elastically supported rotors. The paper derives new resonance magnifica-
tions when the angular velocity of the rotor is perturbed by noise with growing intensity. This
Dimentberg-Wedig [5] model leads to almost periodic vibrations when the noise disturbances
of the angular velocity of the rotor are replaced by harmonic perturbations
Refrences
K. Sobczyk, D.B. MacVean, J.D. Robson. Response to Profile-Imposed Excitation With Ran-
domly Varying Transient Velocity. Journal of Sound and Vibration, 52 (1977), 37-49.
W. Wedig. Dynamics of Cars Driving on Stochastic Roads. Ed. by Spanos & Deodatis
in Proceedings of Computational Stochastic Mechanics. Milpress, Rotterdam (2003), 647-
654.
W.Wedig. Jump Phenomena in Road-Vehicle Dynamics, Int. J. of Dynamics and Control,
ISSN 2195-268X, Springer: Berlin. (2015).
A. Sommerfeld. Beiträge zum dynamischen Ausbau der Festigkeitslehre. Physikalische
Zeitschrift, 3. Jahrgang, No 13 (1902), 286-291.
Y.K. Lin, G.Q. Cai. Probabilistic Structural Dynamics, New York, Mc Graw-Hill, (2004).
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09.03.2016 16:20 Bettina Altmann Altgebäude (Schleinitzstrasse), Raum SN19.4
Identification and Tracking-Control for an Optomechatronical Image Derotator Using
Neural Networks
Bettina Altmann (Institut für Mess- und Regelungstechnik), Benjamin Rohloff (Institut für
Mess- und Regelungstechnik), Christian Pape (Institut für Mess- und Regelungstechnik), Ed-
uard Reithmeier (Institut für Mess- und Regelungstechnik)
Rotating components are featured in a wide range of technical systems from various fields of
mechanical engineering. To guarantee proper functionality and sufficient safety, a good under-
standing of the system behavior during operation is essential. Besides simulations, especially
non-contact measurements are appropriate for this purpose. Most of these methods can be
used exclusively if the system is at standstill. By using an optomechatronical image derotator,
measurements can be extended for the rotating object during operation. Thus, all kinds of elec-
tromagnetic waves can be tracked to the rotating measurement object continuously. However,
the requirement of a constant phase position between the derotator and the measurement ob-
ject has to be fulfilled. Therefore, a highly dynamic tracking-control is needed and developed
in this presentation. Given the nonlinear friction of the synchronous motor, a model of the
system which considers this non-linearity is evolved. This is accomplished by using Neural
Networks for the approximation of the friction term. In this case General Regression Neural
Networks (GRNN) are used for the learning algorithm. Moreover, the system’s parameters,
eg. the friction term and the inertia, are identified based on the nonlinear model. Finally,
a feedback control is designed by using the controllable canonical form (also known as the
Byrnes-Isidori canonical form). A transformation of the system model into its state-space
representation is realized by using Lie derivatives. This allows the intended integration of the
friction term. Hence, another GRNN is used to describe the derivative of the non-linearity.
Finally, the nonlinear control concept is compared to a typical industrial cascade controller
and the advantages of the highly dynamic controllers are shown.
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09.03.2016 16:40 Alexander Zuyev Altgebäude (Schleinitzstrasse), Raum SN19.4
Local steering problem for a class of control-affine systems with application to crystal-
lization processes
Alexander Zuyev (Max Planck Institute for Dynamics of Complex Technical Systems), Peter
Benner (Max Planck Institute for Dynamics of Complex Technical Systems)
In this talk, we consider a mathematical model of a continuous crystallizer with fines trap
governed by the following differential equations [1]:
∂n(L, t)
∂ t
+G(c)
∂n(L, t)
∂L
=−
(
1
τ
+
χL≤L f (L)
τ˜
)
n(L, t), G(c) = kg(c− cs), (1)
dc(t)
dt
=
(c f −ρ)
ε¯τ
+(ρ− c(t))
(
1
τ
+
1
ε¯
dε¯
dt
)
, ε¯ = 1− kv
∫ ∞
0
L3n(L, t)dL, (2)
with the boundary condition
n(0, t) =
kbε¯
G(c)
exp
{
− kc
2
s
(c− cs)2
}
at L = 0,
where n(L, t) is the number of crystals of size L≥ 0 at time t ≥ 0; c(t) is the solute concentra-
tion in the crystallizer; c f is the concentration in the feed; τ is the residence time; cs, k, kb, kg,
kv, L f , ρ are positive constants. We assume that n(·, t) has compact support for all t ≥ 0 and
introduce the power moments x j(t) =
∫ ∞
0 L
j−1n(L, t)dL for j = 1,2,3,4.
Under our assumptions, the moment equations may be represented as a control-affine nonlin-
ear system of the form:
x˙ = f0(x)+u1 f1(x)+u2 f2(x), x = (x1,x2,x3,x4,x5)T ∈ D⊂ R5, (3)
where x5(t) =
c(t)−cs
c f (t)−cs . System (3) is controlled by u1 (the inlet concentration) and u2 (the
circulation rate of suspension in the fines trap).
Our main goal is to solve the steering problem for system (3) in the class of smooth controls:
given x0 ∈D and x1 ∈D, find an ε > 0 and ui ∈C∞[0,ε], i= 1,2, such that the solution x(t) of
system (3) with initial data x(0) = x0 and controls ui = ui(t) satisfies the condition x(t) = x1.
Despite of the rich literature on the motion planning problem for nonholonomic systems and
for particular classes of control-affine systems, there is no universal control design method
available for systems of type (3) under general controllability conditions. In this talk, we will
use the controls
u1(t) = v1+a1 sins+a12 cos3s, u2(t) = v2+a2 sin2s±a12 sin3s, s = 2pit/ε, (4)
parameterized by ε > 0 and real coefficients v1, v2, a1, a2, a12.
We show that the steering problem is solvable within the family of controls (4) if the local
controllability of system (3) at a point x = x0 ∈ D is ensured by low order Lie brackets, and
if ε > 0 and ‖x1− x0‖ are small enough. We also present an approach for computing the
coefficients of controls (4) in the talk.
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09.03.2016 17:00 Manuel Brüderlin Altgebäude (Schleinitzstrasse), Raum SN19.4
Control Law Design for an Elastic Suspended Winglet
Manuel Brüderlin (RWTH Aachen), Norbert Hosters (RWTH Aachen), Marek Behr (RWTH
Aachen)
An active controller for a wind tunnel campaign of a winglet under transonic flow conditions
is designed. The rigid winglet has an elastic suspension and is equipped with an active aero-
dynamic control surface. The control design should be robust with regard to the different
operating conditions in the wind tunnel.
A coupled CFD-CSM simulation environment allows very accurate computations of aeroelas-
tic phenomena. However, due to its complexity, it is not suited for control law design. Suitable
control parameters can only be determined with computationally expensive trial and error at-
tempts. For designing a control system, a simplified model of the aeroelastic system, which
still captures the essential system behavior, is required.
One solution is to create a Reduced Order Model (ROM) based on a CFD-CSM simulation en-
vironment [1-2]. System identification methods are used to identify a linear state space model
for the aerodynamics based on the input-output relationship of the CFD system. For many
aeroelastic problems, a linear CSM model is sufficient. Such a model can be directly trans-
ferred into state-space form and an aeroelastic ROM can be derived. A controller is designed
based on a collection of ROMs at different operating conditions.
References
[1] C. B. Allen, et al. A comparison of full non-linear and reduced order aerodynamic models
in control law design using a two-dimensional aerofoil model. Int. J. Numer. Meth. Engng.
64:1628-1648, 2005.
[2] W. A. Silva, V. N. Vatsa, R. T. Biedron. Development of unsteady aerodynamic and aeroe-
lastic reduced-order models using the FUN3D code. In: IFASD Seattle, USA, 2009.
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09.03.2016 17:20 Aleksandar C´oc´ic´ Altgebäude (Schleinitzstrasse), Raum SN19.4
Numerical Simulation of Air Flow in Model Room
Aleksandar C´oc´ic´ (University of Belgrade, Faculty of Mechanical Engineering), Mladen Bra-
jovic´ (University of Belgrade, Faculty of Mechanical Engineering), Milan Lecˇic´ (University
of Belgrade, Faculty of Mechanical Engineering)
Efficient, and appropriate indoor air environment is important issue in building design. Air
flow patterns which are formed in the room are mainly depended on its geometrical param-
eters. Investigation of flow patterns are performed on a relatively simple geometry of model
room, with a small obstacle in it. There are several interesting flow phenomena which are
present in the model room: flow through sudden geometry expansion, stagnation flow with
lateral boundaries, flow over the obstacle and flow with sudden contraction. Since the air
velocities are low, it is assumed that flow is incompressible. Numerical calculations of these
patterns have been done using RANS, URANS and LES modeling approach. For all cal-
culations an extended version of open-source CFD software OpenFOAM was used. Several
turbulence models have been used for RANS approach, with special attention on their perfor-
mance in capturing unsteady flow phenomena. Dynamic Smagorinsky model was used in LES
approach. Effects of geometry change (particularly the height of the obstacle) on flow patterns
has been tested. Comparison of obtained numerical results and available experimental results
for mean velocities shown good agreement.
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09.03.2016 17:40 Merlin Morlock Altgebäude (Schleinitzstrasse), Raum SN19.4
Control Concepts for a Parallel Manipulator with Flexible Links
Merlin Morlock (Hamburg University of Technology (TUHH)), Markus Burkhardt (Univer-
sity of Stuttgart), Robert Seifried (Hamburg University of Technology (TUHH))
Light-weight robots are advantageous considering the low energy consumption and the low
material cost. However, in light-weight structures significant oscillations can occur which
make the control of such systems very challenging. Objective of this research is end-effector
trajectory tracking. Hereby, only the manipulator’s drives are used, and no additional actuation
on the flexible bodies is considered. For accurate trajectory tracking feedforward control of
the manipulator, e.g. based on inverse dynamics or servo-constraints, has to be supplemented
by active oscillation damping. One example of active vibration damping is using feedback of
strain measurements on the elastic bodies. Moreover, obtaining accurate information on the
end-effector position is much more involved in contrast to a case with only rigid elements. In
the flexible case on-line position measurement of the end-effector is very difficult and observer
design is often necessary. Thereby, information of the drive positions and strain measurements
on the elastic bodies can be used. Besides free motion of the end-effector, also the case of
contact of the end-effector with a rigid surface should be considered. Here, position and force
trajectories of the contact point need to be tracked. Nevertheless, the inherent compliance
of the flexible parts is usually helpful to avoid excessive contact forces. Selected concepts
for solving such challenges are considered for a planar parallel manipulator with two flexible
links.
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10.03.2016 08:30 Arash Massoudi Altgebäude (Schleinitzstrasse), Raum SN19.4
The Newton-Kleinman method for the optimal control of stable weakly regular linear
systems
Arash Massoudi (Universität Hamburg), Timo Reis (Universität Hamburg)
We give an algorithm to find the approximate solution of the linear-quadratic optimal control
problem for stable weakly regular linear systems. The central characteristic of our approach
is the possibility to solve problems with unbounded control and observation operators, which
are motivated by partial differential equations with boundary control and observation.
Inspired by the Newton-Kleinman iteration for the matrix Riccati equation, we construct a
sequence of observability Gramian operators and prove that this sequence converges to a self-
adjoint operator which solves the linear-quadratic optimal control problem. We show that
this sequence is well-defined by describing each observability Gramian in terms of the in-
terconnection of the corresponding system with its anticausal dual. The presented method is
applied to systems governed by a boundary controlled heat equation and the applicability of
our approach is evaluated.
1561

10.03.2016 08:50 Hubert Rams Altgebäude (Schleinitzstrasse), Raum SN19.4
Local Decomposition of Second Order Infinite-Dimensional Systems
Hubert Rams (Johannes Kepler University), Markus Schöberl (), Kurt Schlacher ()
It is well-known in the literature that for finite-dimensional systems described by ordinary dif-
ferential equations (ODE’s) local decompositions can be used to highlight system properties
such as accessibility or observability. These decompositions can be achieved by an invariant
distribution or codistribution with respect to the system vector field. This contribution extends
the idea of local triangular decomposition to nonlinear second-order infinite-dimensional sys-
tems described by partial differential equations (PDE’s). These decompositions are also ob-
tained by exploiting the existence of an invariant codistribution with respect to the generalized
system vector field which depends on second order derivative coordinates. Based on these
decompositions a sufficient criterion for the non-accessibility problem for the PDE scenario
follows. Our approach extends a former article, which treats the decomposition of nonlinear
first-order PDE’s.
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10.03.2016 09:10 Fabian Wirth Altgebäude (Schleinitzstrasse), Raum SN19.4
On Notions of Input-to-State Stability for Infinite-Dimensional Systems
Andrii Mironchenko (Universität Passau), Fabian Wirth (Universität Passau)
The concept of input-to-state stability (ISS) has found widespread application in the analysis
and design of nonlinear finite-dimensional control systems. In this talk we discuss the exten-
sion of these ideas to infinite-dimensional systems and highlight some of the new phenomena
that appear for this system class.
In particular, we present characterizations of ISS and integral ISS in terms of Lyapunov func-
tions and introduce refined weak and strong notions of similar concepts. Applications in the
area of stability analysis of interconnected systems are briefly discussed.
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10.03.2016 13:30 Thomas Berger Altgebäude (Schleinitzstrasse), Raum SN19.4
Disturbance decoupling for descriptor systems by behavioral feedback
Thomas Berger (Universität Hamburg)
We study disturbance decoupling for linear descriptor systems which are not necessarily reg-
ular. Compared to previous approaches, where state feedback is used, we use the concept of
behavioral feedback which allows to study a larger class of systems. We derive geometric
characterizations for solvability of the disturbance decoupling problem following the classi-
cal approach. Exploiting the freedom in the choice of the behavioral feedback we show that
whenever disturbance decoupling can be achieved by behavioral feedback we may addition-
ally achieve autonomous zero dynamics. Finally we present a solution to Lebret’s twenty year
old open problem concerning disturbance decoupling with output uniqueness using behavioral
feedback.
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10.03.2016 13:50 Atta Oveisi Altgebäude (Schleinitzstrasse), Raum SN19.4
Reliability of disturbance rejection control based on the geometrical disturbance decou-
pling
Atta Oveisi (Ruhr-Universität Bochum), Tamara Nestorovic´ (Ruhr-Universität Bochum)
Industrial control requires constant monitoring of system states to keep certain system vari-
ables in their predefined operational range [1]. Due to the physical restrictions on the sensing
elements in industrial systems, the application of observers plays an important role in online
comparison of the observed system states with their corresponding operational safe values.
This can be achieved by using the difference between the output measurements from the real
system and their corresponding observed values [2]. Although these systems are practically
under the effect of unknown and unmeasurable signals, which deteriorate their performance,
the concept of observation is mostly limited to the system states. These signals are known
as disturbance and effective detection and observation mechanism for them opens the possi-
bility to control their impact on the system outputs more effectively. In this contribution, the
reliability of the disturbance observation-based control systems that are designed using the ge-
ometrical technique is investigated numerically and validated experimentally. The geometric
approach is a collection of tools and algorithms based on the concept of invariant subspaces
that is closely connected with controllability and observability of dynamical systems [3]. For
this purpose, first the conditions for disturbance detection and rejection is introduced by using
invariant subspaces and then these conditions are converted to linear matrix equality (LME)
constraints. In order to carry out the fragility analysis of controller/observer, appropriate H∞
constraints are introduced on control and observation gains by means of Lyapunov stability
theorem in the form of some linear matrix inequalities (LMIs). An important advantage of
this method compared to standard non-fragile controllers relies on the usage of the informa-
tion from disturbance observer in the feedback channel. It should be noted that, in contrast
to conventional pole placement technique, in the presented method, the disturbance rejection
problem reduces to a quadratic stability problem. Then, an appropriate algorithm is presented
to design the control system in the form of a convex optimization problem. Finally, an experi-
mental setup is utilized for evaluating the performance of the control system in detecting and
rejecting disturbance on a mechanical vibrating piezolaminated beam in real-time.
References
[1] E. Monmasson, M.N. Cirstea. FPGA design methodology for industrial control sys-
tems–A Review. IEEE Trans. Ind. Electron. 54 (2007), 1824–1842.
[2] W-H. Chen. Disturbance observer based control for nonlinear systems. IEEE/ASME
Trans. Mechatronics. 9 (2004), 706–710.
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10.03.2016 14:10 Natalia Dmitruk Altgebäude (Schleinitzstrasse), Raum SN19.4
Suboptimal control of interconnected dynamical systems under disturbances via dis-
tributed feedbacks
Natalia Dmitruk (Belarusian State University)
Recently control problems for interacting dynamical systems has received significant atten-
tion.Many approaches have been proposed in the framework of distributed model predictive
control for control of dynamically coupled and decoupled systems with different control ob-
jectives (setpoint stabilization, synchronization, consensus, obstacle avoidance). In this pre-
sentation the focus is on optimization of interconnected dynamical systems under disturbances
and the objective is to achieve suboptimal behavior with respect to some given cost and robust
constraint satisfaction for the overall system via distributed feedback control.
We consider both dynamically coupled systems of the form
x˙i = Aixi+∑ j∈I\iAi jx j+Biui+Miwi, xi(0) = xi0, i ∈ I = {1,2, . . . ,q}, (1)
and dynamically decoupled systems
x˙i = Aixi+Biui+Miwi, xi(0) = xi0, i ∈ I, (2)
where xi= xi(t)∈Rni denotes the state of the i-th system at time t,ui= ui(t)∈Ui⊂Rri denotes
the bounded control input to system i andwi = wi(t) ∈Wi ⊂ Rpi is the unknown piecewise
continuous disturbance acting upon system i. The input ui is a sampled-data control with a
constant sampling time h,defined on the finite control interval [0, t f ]: ui(t)≡ ui(s), t ∈ [s,s+h[,
s ∈ Th = {0,h, . . . , t f − h}, h = t f /N, N ∈ N, N > 1. The input constraint set Ui and the
disturbance set Wi are given convex polytopes containing the origin and independent across
the systems.
Given the possibly large-scale overall system (1) or (2) subject to unknown bounded distur-
bances,the control objective is to steer it in a fixed finite time t f to a given polytope (a coupling
terminal constraint) S= {x=(xk,k∈K) :∑k∈IHkxk≤ g}withHk ∈Rm×nk ,k∈ I,g∈Rm, while
satisfying decoupled input constraints and minimizing the worst-case value of the linear ter-
minal penalty maxwk,k∈I∑k∈I c
T
k xk(t f ).
A suitable feedback for systems under disturbances can be defined via repetitive (for every
time instant τ ∈ Th) solution of some predictive optimal control problem subject to a current
position (τ,x∗(τ)), where x∗(τ) denotes the state of the plant realized in a particular control
process. In case of distributed feedback control each system has its own local predictive
optimal control problem, denoted byPi(τ,x∗i (τ),z∗τ), that is subject to current sampling time
τ , local state measurement x∗i (τ) of the i-th system, and some information z∗τ communicated
by other systems k ∈ I \ i. The input u∗i applied to the system i is given by the first value of the
optimal controludi (t|τ,x∗i (τ),z∗τ), t ∈ [τ, t f ], of problemPi at timeτ: u∗i (t)≡ udi (τ|τ,x∗i (τ),z∗τ),
t ∈ [τ,τ+h[, τ ∈ Th.
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10.03.2016 14:30 Matthias A. Müller Altgebäude (Schleinitzstrasse), Raum SN19.4
Nonlinear moving horizon estimation under bounded disturbances
Matthias A. Müller (Universität Stuttgart)
Moving horizon estimation (MHE) is an optimization-based state estimation technique which
has received an increasing amount of attention in recent years. At each time step, the current
state estimate is determined by solving an optimization problem taking a number of past mea-
surements into account. In order to obtain a good state estimate, ideally all past measurements
from the initial time up to the current time should be considered, resulting in a so-called full
information estimator. Since this is in general computationally intractable, in moving horizon
estimation one instead uses only a fixed number N of past measurements. In recent years,
both theoretical properties of various moving horizon estimation schemes as well as efficient
computational methods for real-time implementation have been studied, see, e.g., [1].
In particular, it is of interest to establish (robust) stability properties of moving horizon esti-
mation. To this end, in recent years various results have been obtained for different system
classes, advancing from more restrictive or idealistic assumptions such as observability and
no disturbances to less restrictive or more realistic cases such as detectability or the pres-
ence of bounded disturbances. In this talk, we present a recently introduced moving horizon
estimation scheme for the general case of detectable nonlinear systems subject to bounded
disturbances [2]. As a suitable detectability assumption, we employ the concept of incremen-
tal input/output-to-state stability, as introduced in [3]. We show that the proposed estimator is
robustly globally asymptotically stable, and that the estimation error asymptotically vanishes
in case that the disturbances asymptotically go to zero. We discuss the conditions on the stage
cost function required to establish these results, which in particular include the addition of a
specific max-term to the cost function, similar to a recently proposed full information esti-
mator [4]. Furthermore, a crucial issue in moving horizon estimation schemes is a suitable
definition of the prior weighting in the cost function. In various existing MHE schemes, the
respective conditions are difficult to verify, and it might in particular not be possible to de-
termine the prior weighting offline. In contrast, the required conditions in the MHE scheme
presented in this talk can easily be verified a priori.
References
[1] J. B. Rawlings and L. Ji, Optimization-based state estimation: Current status and some
new results. Journal of Process Control, vol.22, pp.1439-1444, 2012.
[2] M. A. Müller, Nonlinear moving horizon estimation for systems with bounded distur-
bances. In Proc. of the American Control Conference, 2016, submitted.
[3] E. D. Sontag and Y. Wang, Output-to-state stability and detectability of nonlinear systems.
Systems & Control Letters, vol.29, pp.279-290, 1997.
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10.03.2016 14:50 Klemens Fritzsche Altgebäude (Schleinitzstrasse), Raum SN19.4
Unimodular completion applied to mechanical systems in the context of differential flat-
ness
Klemens Fritzsche (TU Dresden), Carsten Knoll (TU Dresden), Matthias Franke (Fraunhofer
IIS, Dresden), Klaus Röbenack (TU Dresden)
As introduced in the 1990s [1] and shown in numerous applications, the property of differen-
tial flatness significantly simplifies the design of open and closed loop controllers. However,
deciding whether a system is flat and if so, a systematic computation of a so called flat output
is an ongoing topic in research, see e.g. [3, 2, 5].
In the special case of LTI systems in polynomial matrix representation, the Hermite normal
form has been used to calculate so called basis variables [4] as an equivalent to flat outputs.
One main approach (followed by [3, 2]) for the flatness analysis of the nonlinear dynamical
system is based on the "tangent" or "variational” approximation of the implicit underdeter-
mined differential equations. In order to determine a flat output of the tangent system, typi-
cally the Smith normal form [3] is used, which in general is computationally difficult to obtain.
In addition, an integrability condition has to be fulfilled.
In this contribution it is shown that neither the computation of the Smith nor the Hermite nor-
mal form is required at all. In fact, only a unimodular completion of the polynomial matrix of
the tangent system is necessary. This means, appending suitable row vectors to the rectangular
system matrix such that the resulting polynomial matrix has an polynomial inverse. Thereby,
unlike in the LTI case, special multiplication rules must be satisfied when dealing with tangent
approximations of nonlinear systems. Furthermore, it is shown that this perspective leads to
major simplifications for some well known mechanical systems.
References
[1] M. Fliess, J. Lévine, Ph. Martin, and P. Rouchon. Flatness and defect of non-linear sys-
tems: introductory theory and examples. International Journal of Control, 61(6):1327–
1361, 1995.
[2] M. Franke and K. Röbenack. Some remarks concerning differential flatness and tangent
systems. Proceedings in Applied Mathematics and Mechanics (PAMM), 2012.
[3] J. Lévine. On necessary and sufficient conditions for differential flatness. Applicable
Algebra in Engineering, Communication and Computing (AAECC), 2011.
[4] S.-O. Lindert and K. Reinschke. Trajectory planning and tracking control of lumped lti
systems. Proceedings in Applied Mathematics and Mechanics (PAMM), 2006.
[5] M. Schöberl and K. Schlacher. On an implicit triangular decomposition of nonlinear
control systems that are 1-flat - a constructive approach. Automatica, 50(6), pp. 1649-
1655, 2014.
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10.03.2016 15:10 Bernd Kolar Altgebäude (Schleinitzstrasse), Raum SN19.4
Some Remarks concerning Flatness and the Parameterization of the System Variables
by a Flat Output
Bernd Kolar (Johannes Kepler University Linz), Markus Schöberl (), Kurt Schlacher ()
We consider flat nonlinear control systems of the form x˙ = f (x,u) with dim(x) = n and
dim(u) = m. The central property of a flat system is that the state- and input variables can
be parameterized by a flat output y= ϕ(x,u, u˙, . . . ,u(q)) with dim(y) = m and its time deriva-
tives, i.e. there exists a map (x,u) = F(y, y˙, . . . ,y(r)). In this contribution, we derive bounds
for the maximum order r of the time derivatives of the flat output that occur in the map F .
These bounds depend on the maximum order q of the time derivatives of the input that occur
in the flat output. First, we present a proof of the known result that for flat outputs of the
form y= ϕ(x,u) the integer r is bounded by the state dimension n. Our proof is based on the
observation that a certain codistribution, which can be associated to a flat output, has a very
special structure. This approach also allows to derive smaller bounds for flat outputs y= ϕ(x)
which only depend on the state, as well as for configuration-flat outputs of mechanical sys-
tems. Furthermore, for flat outputs y = ϕ(x,u, u˙, . . . ,u(q)) that depend on time derivatives of
the input up to some fixed order q, we derive bounds for r that are smaller than the ones that
can be found in the literature.
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10.03.2016 17:00 Wallace Moreira Bessa Altgebäude (Schleinitzstrasse), Raum SN19.4
Adaptive fuzzy sliding mode control of the cart-pole underactuated system
Wallace Moreira Bessa (Universidade Federal do Rio Grande do Norte), Edwin Kreuzer
(Technische Universität Hamburg-Harburg)
Underactuated mechanical systems (UMS) play an essential role in several branches of in-
dustrial activity and their application scope ranges from robotic manipulators and overhead
cranes to aerospace vehicles and watercrafts. Despite this broad spectrum of applications, the
problem of designing accurate controllers for underactuated systems is, however, much more
tricky than for fully actuated ones. Moreover, the dynamic behavior of an UMS is frequently
uncertain and highly nonlinear, which in fact makes the design of control schemes for such
systems a challenge for conventional and well established methods. In this work, a new con-
troller is proposed for the stabilization of the cart-pole underactuated system. The adopted
approach is primarily based on a smooth sliding mode controller and the sliding surface is
defined as a linear combination of actuated and unactuated tracking errors. Since not only
structured uncertainties associated with parametric variations but also unmodeled dynamics
are taken into account, an adaptive fuzzy inference system is embedded within the boundary
layer to improve the overall control system performance. Numerical simulations are carried
out in order to demonstrate the efficacy of the proposed new control law.
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10.03.2016 17:20 Johannes Edelmann Altgebäude (Schleinitzstrasse), Raum SN19.4
Controllability of the powerslide of an automobile with different actuation inputs
Johannes Edelmann (TU Wien), Manfred Plöchl (TU Wien)
With the stepwise introduction of autonomous driving functions, the human driver will succes-
sively transfer guiding tasks to the vehicle. Up to now the driver is still the authority, however,
he or she is already assisted by several active control systems in several driving situations.
Analysing the controllability horizon of active systems, as well as of the human driver, re-
mains a demanding premise for their successful coordination. The controllability domain of
active systems has been examined in [1] to give an enlightening example; the controllability
of the unstable weave mode from a bicycle rider point of view has been addressed in [2].
Involved driving situations have to be mastered by active systems with multiple, sometimes
redundant actuators, or eventually by applying different control commands by the driver. As
an example, the steady-state powerslide of an automobile (large vehicle side slip angle, nega-
tive steering angle, large rear driving torque) is considered here as a manoeuvre characterized
by nonlinear tyre characteristics and saturated horizontal tyre forces, [3]. Due to its typically
unstable nature, [3], the powerslide motion has to be stabilized either by the driver or an active
system by controlling the steering angle and/or the accelerator pedal. Consequences, and an
appropriate driver model have been presented in [4]. However, the effectiveness of redundant
inputs, either from the driver or from a driver assist system, has not yet been addressed in more
detail. Geometric modal controllability mci, observability mo j, and their combination
mcoi j =mcimo j with mci= cos(θki(lk,bi))=
|lTk bi|
||lk|| ||bi||
,mo j = cos(θ jk(c j,rk))=
|cTj rk|
||c j|| ||rk||
may serve as a useful measure, [5]. The gross measure of joint modal controllability and ob-
servability provides an idea of how mode k is affected by input i (steering angle or driving
torque) and how observable it is from the output j (e.g. yaw rate and vehicle side slip angle)
with left and right eigenvectors, lk and rk , resp., of the locally linearized (A,B,C,D) vehi-
cle model, which is kept as simple as possible for easier understanding. The nonlinear tyre
characteristics are represented by the well-known tyre brush model facilitating longitudinally
and laterally combined tyre slip. Numeric results reveal that at powerslide driving condition
the oscillatory mode dominated by the yaw motion may be controlled by either steering angle
input or driving torque input, where modal controllability measure mci shows that applying
driving torque input is more effective compared to steering angle input. In contrast, respective
mode at regular driving condition (small vehicle side slip angle, positive steering angle) may
be controlled by steering angle input, but is hardly controllable by driving torque input. At
both powerslide and regular driving condition, respective modes may be observed from yaw
rate as well as from vehicle side slip angle. In conclusion, applying mcoi j, the dominant mode
at regular driving may be most effectively controlled by steering angle inputs and is observ-
able from yaw rate, whereas the respective mode at powerslide condition may be controlled
by both steering and driving torque input effectively, and is also observable from yaw rate.
Refs: [1] Horiuchi,Veh Syst Dyn 50, 2012; [2] Edelmann et.al., Proc. of MATHMOD 2015;
[3] Edelmann et.al., Reg Cha Dyn 14, 2009; [4] Edelmann et.al., Proc. of IAVSD 2011; [5]
Hamdan et.al., J Guid Cont Dyn 12, 1989
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10.03.2016 17:40 Mirko Franke Altgebäude (Schleinitzstrasse), Raum SN19.4
Further Improvements in High Gain Observer Design for Systems with Structured Non-
linearities
Mirko Franke (Technische Universität Dresden), Klaus Röbenack (Technische Universität
Dresden)
Due to their simple implementation based on a constant gain matrix, high gain observers are
very common in practical applications. We consider systems whose dynamics can be decom-
posed into a linear and a nonlinear part, where the nonlinear part meets some Lipschitz condi-
tion. In most cases there exists a finite bound on the maximum feasible Lipschitz constant for
which the error dynamics can be stabilized. Necessary and in some sense sufficient conditions
for this maximum Lipschitz constant are given in [1]. This result has been improved in [2, 3]
by taking the structure of the linear part into account.
The results given in [2, 3] are directly related to the structured stability radius introduced in [4].
Having a system with one single nonlinearity, these results are strict. If multiple nonlinearities
occur, even this approach tends to be to conservative. In this case, one could additionally take
the internal structure of the nonlinearities into account which leads to a larger set of systems
for which convergence of the observer error can be guaranteed.
Our new approach is based on an approximation of the structured singular value [5] which
yields existence conditions in terms of linear matrix inequalities (LMIs). These LMIs may as
well be used for the numerical computation of the observer gain. We demonstrate the advan-
tage of our method on an example.
References
[1] R. Rajamani, IEEE Trans. on Automatic Control, 43, 397–401 (1998).
[2] K. Röbenack, Proc. of the 9th International Multi-Conference on Systems, Signals and
Devices, (Chemnitz, Germany, 2012).
[3] K. Röbenack, Proc. Appl. Math. Mech 14, 931–032 (2014).
[4] D. Hinrichsen, A. J. Pritchard, Systems & Control Letters, 8, 105–133 (1986).
[5] K. Zhou, J. C. Doyle, Essertials of Robust Control (Prentice Hall, Upper Saddle River,
1998).
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10.03.2016 18:00 Roman Geiselhart Altgebäude (Schleinitzstrasse), Raum SN19.4
A small-gain approach to networked control systems with asynchronous communication
Roman Geiselhart (Universität Passau), D.P. Borgers (Eindhoven University of Technology),
W.P.M.H. Heemels (Eindhoven University of Technology)
In networked control systems (NCSs), sensor and actuator data is transmitted via shared (wired
or wireless) communication networks. This offers several advantages over conventional con-
trol systems, in which sensor and actuator data is transmitted using dedicated point-to-point
wired links, including reduced installation costs, better maintainability and greater flexibility.
On the other hand, shared communication networks also introduce communication errors as a
result of network imperfections such as varying transmission intervals and delays, and quan-
tization errors. As a result, one needs to design the communication networks and controllers
in such a way that the NCS displays desirable behavior in terms of stability and performance
that is robust to these network-induced phenomena.
In contrast with many existing works in which it is typically assumed that all sensor and actua-
tor data is transmitted over one single communication network, we consider large-scale NCSs
with multiple local communication networks operating independently and asynchronously.
The latter setting is often much more reasonable than assuming the presence of only one
global network. For example, in the control of large-scale systems it is often more natural and
cost-efficient to use a local controller for each subsystem than one global controller for the
whole system. In such a system, it is much more reasonable to close the local control loops
over several local communication networks, instead of (assuming the presence of only) one
global communication network.
The general objective of our results is to discuss an analysis and design framework for these
large-scale NCSs that provides quantitative information that relates the network parameters
and the control performance:
• The network performance (required “quality-of-service”) expressed in terms of the net-
work parameters such as the maximum allowable transmission intervals (MATIs), the
maximum allowable delays (MADs), the network reliability, etc.
• The control performance (“quality-of-control”) in terms of global asymptotic or expo-
nential stability, convergence rates, input-to-state stability (ISS) gains, etc.
To keep the analysis tractable we represent the large-scale NCS over multiple local commu-
nication networks as an interconnection of a finite number of hybrid subsystems, which do
both model the continuous-time behavior (such as the physical components) as well as the
discrete-time behavior (such as discrete control updates). This model is inspired by several
publications on NCSs in which only one global communication network was used.‘Local’
Lyapunov-based conditions can be formulated for the local closed-loop dynamics and the lo-
cal MAC protocols that will lead to guarantees on input-to-state stability (ISS) if the network
parameters (MATI and MAD) are chosen appropriately for each individual communication
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10.03.2016 18:20 Bernhard Lampe Altgebäude (Schleinitzstrasse), Raum SN19.4
Normality - a key concept for analysis and design of multiple-input multiple-output
control systems
Bernhard Lampe (University of Rostock), Efim Rosenwasser (State Marine Technical Univ.,
St. Petersburg, Russia)
For analysis and design of (linear) control systems, two main approaches are konwn. The first
one is based on Laplace and Fourier transforms, and multiple-input multiple-output (MIMO)
systems are described by transfer matrices in different representations. The second one works
in time domain and uses a description in state space. Both approaches have their advantages
and drawbacks, so that during analysis or design of control systems, a transfer between both
descriptions is usual [Kailath(1980)]. Such a transfer, however, is already for systems of fi-
nite order an ill-conditioned action, because small deviations in the coefficients of a transfer
matrix can rapidly change the order of its realisation in state space. This is also true for the
minimal realisation, i.e. if the controllability and observability of the realisation is enforced
[Rosenwasser and Lampe(2006)]. The authors show this effect at hand of examples using the
design tool Matlab, when a random system is transferred from state space to transfer matrix
and back to state space. The paper explains this effect of structural instability. Moreover,
on basis of the concept of normal rational matrices, structural stable representation of trans-
fer matrices are provided. Therefore, in addition to the controllability and observability of
state space representations, the normality of transfer matrices is a fundamental concept for
computer-aided control system design.
References
[Kailath(1980)] T. Kailath.Linear Systems.Prentice Hall, Englewood Cliffs, NJ, 1980.
[Rosenwasser and Lampe(2006)] E. N. Rosenwasser and B. P. Lampe. Multivariable
computer-controlled systems – a transfer function approach.Springer, London, 2006.
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09.03.2016 14:30 Delf Lachmund Rebenring 58, Raum RR58.1
Incorporation of orthonormality and a priori knowledge into multiplicative NMF algo-
rithms
Delf Lachmund (University of Bremen), Pascal Fernsel (University of Bremen), Tobias
Boskamp (University of Bremen), Peter Maaß (University of Bremen)
Over the last decades non-negative matrix factorization (NMF) has become a powerful and
widely used tool for unsupervised feature extraction. As suggested in [1] multiplicative up-
date rules can be deduced for the usual Gaussian discrepancy term as well as for the Kullback-
Leibler term modelling either normal or Poisson distributed data errors. A surrogate functional
based construction as in the MM algorithm (majorization-minimization) offers an interesting
framework, in which step-wise reduction of the cost functional is ensured directly [2]. Re-
cently, in addition to sparsity enhancing adaptations, a broad field of assumptions about the
extracted features has been discussed, including smoothness, orthonormality and bounded TV-
norms [3, 4].
In this work we introduce surrogate functionals and the associated deduction of update rules
for two scenarios: Firstly for incorporated orthonormality penalty terms, secondly for incor-
porated a priori knowledge about single features. The latter approach results in a supervised
feature extraction which can be useful in classification pipelines with given ground truth for
training data. For motivational aspects and as a demonstration of the effectiveness, applica-
tions on mass spectrometry imaging data (hyperspectral data) will be presented.
References
[1] Lee, Daniel D., and H. Sebastian Seung. "Algorithms for non-negative matrix factorization." Advances in
neural information processing systems. 2001.
[2] Févotte, Cédric. "Majorization-minimization algorithm for smooth Itakura-Saito nonnegative matrix fac-
torization." Acoustics, Speech and Signal Processing (ICASSP), 2011 IEEE International Conference on.
IEEE, 2011.
[3] Ding, Chris, et al. "Orthogonal nonnegative matrix t-factorizations for clustering." Proceedings of the 12th
ACM SIGKDD international conference on Knowledge discovery and data mining. ACM, 2006.
[4] Lecharlier, Loïc, and Christine De Mol. "Regularized blind deconvolution with Poisson data." Journal of
Physics: Conference Series. Vol. 464. No. 1. IOP Publishing, 2013.
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09.03.2016 14:50 Sara Krause-Solberg Rebenring 58, Raum RR58.1
Non-negative Dimensionality Reduction in Signal Separation
Sara Krause-Solberg (Technische Universität München)
In many applications there is an increasing demand for effective methods to estimate the com-
ponents from a mixture of transitory signals. The basic idea is to first reduce the dimension
of the data obtained from a short-time Fourier transform (STFT), before the reduced data is
decomposed into different components, each assigned to one of the source signals. This de-
composition is based on methods as Independent Component Analysis (ICA) or Non-Negative
Matrix Factorization (NNMF). Since dimensionality reduction will be used to first reduce the
dimension of the time-frequency data of the mixture, before the reduced data is decomposed
into different components, the interaction of the reduction and the decomposition is a crucial
point. Decomposition techniques like NNMF require the input data to be entry-wise non-
negative, but the use of dimensionality reduction techniques might cause negative entries in
the low-dimensional representation. This is why we are interested in non-negative dimension-
ality reduction methods. In this talk we show that some dimensionality reduction methods
which can be written as an optimization problem with rotational invariant cost functional can
be converted into non-negativity preserving methods. Supporting numerical examples con-
cerning the separation of audio signals are presented for illustration.
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09.03.2016 15:10 Antonio Cicone Rebenring 58, Raum RR58.1
Adaptive Local Iterative Filtering. A new way to decompose and analyze nonlinear and
nonstationary signals
Antonio Cicone (Universita dell’Aquila), Haomin Zhou (Georgia Tech), Jingfang Liu (Geor-
gia Tech)
The analysis and decomposition of nonstationary and nonlinear signals in the quest for the
identification of hidden quasiperiodicities and trends is of high theoretical and applied interest
nowadays.
Linear techniques like Fourier and Wavelet Transform, historically used in signal processing,
cannot capture properly nonlinear and non stationary phenomena.
For this reason in the last few years new nonlinear methods have been developed like the
groundbreaking Empirical Mode Decomposition algorithm, aka Hilbert–Huang Transform,
and the Iterative Filtering technique.
In this talk I will give a brief overview of this kind of methods and I will introduce a new
algorithm, the Adaptive Local Iterative Filtering, as well as a new definition for Instantaneous
frequency that are all together an all–round toolbox for a completely local signal analysis.
Some convergence results will be showed as well as examples of applications of these tech-
niques to both artificial and real life signals to give a foretaste of their potential and robust-
ness.
This is a joint work with Jingfang Liu and Haomin Zhou at Georgia Institute of Technology.
[1] A. Cicone, J. Liu, H. Zhou. Adaptive Local Iterative Filtering for Signal Decomposition
and Instantaneous Frequency analysis. arXiv:1411.6051
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09.03.2016 16:00 Frank Lenzen Rebenring 58, Raum RR58.1
Solution-driven adaptive total variation regularization
Frank Lenzen (University of Heidelberg)
Due to its property to encourage piecewise constant solutions, Total Variation (TV) plays an
important role as regularizer for various image restoration tasks. In order to also deal with
piecewise affine structures, higher order variants such as Total Generalized Variation (TGV)
have been proposed.
To even further improve the restoration quality of TV regularization, various adaptive methods
have been proposed in literature. Among these, we find the class of direction-dependent TV
methods, which we refer to as anisotropic TV methods. The main focus of the adaptive meth-
ods are e.g. the preservation of contrast, edges, corners, slopes and fine image structures.
To steer the adaptivity, additional information is required. We therefore can distinguish be-
tween data-driven approaches, where this information is taken from the input image or addi-
tional data, and solution-driven approaches, where the adaptivity is depending on the solution
of the problem.
We also remark that, while the classical TV regularization is convex, some of the proposed ap-
proaches in literature yield non-convex minimization problems, which with regard to restora-
tion quality show advantages. However, their theoretical and numerical treatment comes with
some difficulties.
In our talk we will discuss a strategy, which implements solution-driven adaptivity in terms of
a fixed-point problem, where the unknown on the one hand is the sought solution to the prob-
lem and on the other hand steers the adaptivity. Solving this problem numerically results in
a sequence of convex problems, while the regularization asymptotically mimics a non-convex
regularization. Therefore, this strategy combines advantages of convex and non-convex ap-
proaches.
Reformulating the fixed-point problem as a Quasi-Variational Inequality Problem (QVIP) en-
ables us to provide theoretical results for existence and uniqueness of the fixed-point.
As applications for our approach we consider image restoration tasks such as denoising, (non-
blind) deblurring and inpainting.
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09.03.2016 16:20 Martin Storath Rebenring 58, Raum RR58.1
An algorithmic framework for Mumford-Shah regularization of inverse problems in
imaging
Kilian Hohm (TU München), Martin Storath (EPFL), Andreas Weinmann (Helmholtz Zen-
trum München)
The Mumford-Shah model is a very powerful variational approach for edge preserving regular-
ization of image reconstruction processes. However, it is algorithmically challenging because
one has to deal with a non-smooth and non- convex functional. We propose a new efficient
algorithmic framework for Mumford-Shah regularization of inverse problems in imaging. It is
based on a splitting into specific subproblems that can be solved exactly. We derive fast solvers
for the subproblems which are key for an efficient overall algorithm. Our method neither re-
quires a priori knowledge on the gray or color levels nor on the shape of the discontinuity set.
We demonstrate the wide applicability of the method for different modalities. In particular, we
consider the reconstruction from Radon data, inpainting, and deconvolution. Our method can
be easily adapted to many further imaging setups. The relevant condition is that the proximal
mapping of the data fidelity can be evaluated within reasonable time. In other words, it can be
used whenever classical Tikhonov regularization is possible.
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09.03.2016 16:40 Birgit Komander Rebenring 58, Raum RR58.1
Data fusion of surface normals and point coordinates for deflectometric measurements
of discontinuous surfaces
Birgit Komander (TU Braunschweig)
Measuring specular surfaces can be realized by means of deflectometric measurement systems
with at least two reference planes. The results are the point coordinates and the normal direc-
tion of each valid measurement point. The typical evaluation strategy for continuous surfaces
involves an integration or regularization of the measured normals. This method yields smooth
results of the surface with deviations in the nanometer range but it is sensitive to systematic
deviations. The measured point coordinates are robust against systematic deviations but the
noise level is in the order of micrometer. As an alternative evaluation strategy a data-fusion
process that combines both the normal direction and the point coordinates has been developed.
First, we propose a linear fitting technique to increase the accuracy of the point coordinate
measurements by forming an objective functional as the mean squared misfit of the gradients
with respect to the point coordinates on the one hand and to the normals on the other hand.
After that, we replace the L2-norm with the L1-norm within the optimization process. We con-
sider plausible z-coordinates according to the gradients in each point for further calculations.
Moreover, we add a constraint on the maximal change of the coordinate measurements to the
optimization problem. To minimize to objective under the constraint we use either a projected
gradient method or a proximal method. The results show that the proposed method is able
to adjust the point coordinate measurement to the measured normals and hence, decrease the
spatial noise level by more than an order of magnitude. In the L1-optimization approach we
are able to adjust surfaces with discontinuities with the same decrease of spatial noise.
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09.03.2016 17:00 Martin Holler Rebenring 58, Raum RR58.1
Joint MR-PET reconstruction using nuclear-norm based multi-channel TGV regular-
ization
Martin Holler (University of Graz), Kristian Bredies (), Thomas Koesters (), Florian Knoll
(), Daniel K Sodickson ()
Magnetic resonance (MR) imaging and positron emission tomography (PET) both are imaging
techniques that are massively used in clinical practice. While the former achieves an excel-
lent tissue contrast and high spatial resolution, the latter provides functional information by
imaging the distribution of a radioactively labeled molecule.
In the past years, hybrid MR-PET scanners have become available, allowing the simultaneous
acquisition of both MR and PET images. While the resulting data sets are obtained by mea-
suring two fundamentally different physical tissue properties, the underlying anatomy is still
the same. In particular, sharp tissue transitions can be expected to yield jump discontinuities
in the reconstructed images for both modalities. This motivates a joint image reconstruction
framework that exploits structural similarities between MR and PET images while being in-
dependent of absolute signal magnitudes.
To approach these aims in a convex setting, we propose to employ nuclear-norm based multi-
channel total generalized variation (TGV) regularization for coupling structural properties of
MR and PET images in a variational framework. That is, we propose to solve
min
(u,v)∈Xad
λ ‖Eu−g‖22 +µ
[∫
(Av− f log(Av+ r)) dx
]
+TGV2α((u,v)). (1)
for variational joint MR-PET reconstruction. In (1), the unknowns u and v represent the volu-
metric MR and PET images, respectively, and the set Xad restricts the PET image to the positive
reals, while the MR image is complex-valued. The first two terms in the objective functional
are the MR and PET data fidelity terms, modeling Gaussian and Poisson noise, respectively,
and E and A are the respective MR and PET forward operators. The term g denotes the given,
coil weighted, subsampled Fourier data for MR and the terms f and r denote, respectively,
the given PET data and a correction for measurement errors that is assumed to be given. The
multi-channel TGV functional is, for x= (u,v), defined as
TGV2α(x) = minw α1 ‖|∇x−w|nuc‖1 +α0 ‖|Ew|frob‖1 . (2)
Here, ∇ and E denote the gradient and symmetrized gradient, operating on the vector field x
and on the matrix field w, respectively, |∇x−w|nuc is the pointwise nuclear norm of the matrix
field (∇x−w) and |Ew|frob is the pointwise Frobenius tensor norm of the tensor field Ew.
The motivation for using the nuclear norm for the Jacobian matrix of the multi-channel image
is to align image edges independent of their direction and height. Indeed, one can interpret
this choice as enforcing sparsity on the singular values of the Jacobian, which promotes linear
dependence of the gradients of the two image channels and, consequently, aligned edges.
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09.03.2016 17:20 Massimo Fornasier Rebenring 58, Raum RR58.1
Rotation Invariance in Exemplar-based Image Inpainting
Massimo Fornasier (Technische Universität München), Martin Eller (Technical University of
Darmstadt)
Due to their good performance on textured images, exemplar-based methods for image recov-
ery have been subject of research in recent years. In this work, the variational framework of
exemplar-based inpainting is reviewed and enriched by rotation invariance as an additional
degree of freedom in patch searching. For an efficient rotation invariant comparison of image
patches we present methods based on sampled Circular Harmonics (CH) expansions, in partic-
ular, we also elaborate a method for gradient-based comparisons thanks to the property of CH
of being eigenfunctions of the Laplacian. These new pattern matching methods allow for an
extremely efficient implementation of the alternating optimization scheme of exemplar-based
inpainting, also when rotation invariant patch matching is considered. The patch non-local
means algorithm and its performance in the recovery of image structures and textures are de-
scribed in detail and we demonstrate by numerical examples the significant improvement in
recovering smooth edges, which is due to the additional rotation invariance.
1603

09.03.2016 17:40 Jan Lellmann Rebenring 58, Raum RR58.1
Visualizing Image Processing
Jan Lellmann (University of Lübeck)
We present a web site framework for interactive online demonstrations for research and out-
reach. Demonstrations are easily added using a built-in editor, allow interactive 2D and 3D
graphics, and are compatible with many hand-held devices. Through the use of standard C++
code and OpenGL, existing projects can be ported easily and quickly.
1605

10.03.2016 08:30 Emily King Rebenring 58, Raum RR58.1
Optimal frames
Emily King (Universität Bremen)
A critical component of the harmonic analysis approach to signal and image processing is
finding the correct system to analyze and synthesize a desired class of data. Sometimes this
system – often a frame – is structured and chosen a priori, sometimes it is learned from the
data, and sometimes it is randomly selected. Depending on the application, one may desire
different properties of the frame used. Two sometimes desired traits that will be explored in
this talk are robustness to erasures and sparsity of analysis coefficients. The former character-
istic is related to both coherence – the maximum modulus of inner products of different frame
vectors – and spark – the size of the smallest set of linearly dependent frame vectors. The
relationship between these two types of optimal spread is complicated. The folk knowledge
for many years was that optimal coherence implied optimal spark; however, this is now known
not to hold for infinite classes of frames. Some concrete results relating spark and coherence
will be presented. Further, when using a redundant frame to synthesize data, one has infinitely
many choices of which system to use to analyze data. When sparsity is desired, there are
certain restrictions which come into play and will be discussed.
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10.03.2016 08:50 Christian Kruschel Rebenring 58, Raum RR58.1
Frames as Convex Polytopes
Christian Kruschel (University of Goettingen)
In compressed sensing one is interested in reconstructing objects from undersampled linear
measurement data by regarding certain properties of the desired object.The problem basis
pursuit, i.e.
min‖x‖1 subject to Ax= b, where A ∈ Rm×n,m< n,b ∈ Rn,
often induces so-called sparse solutions which consist of a small number of non-zero en-
tries.The question when basis pursuit provides a solution with the smallest number of non-zero
entries is one of the main objects in the research about the `0− `1−equivalence.
In this talk, we discuss this question by involving the theory of convex polytopes.Further,
two different geometrical interpretations are introduced who give an intuition when basis pur-
suit fails to give the sparsest solution.Finally, a new recovery guarantee is introduced which
generalizes Fuchs’ recovery condition.
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10.03.2016 09:10 Florian Kelma Rebenring 58, Raum RR58.1
On the Topology of Projective Shape Spaces
Florian Kelma (TU Ilmenau), Thomas Hotz (TU Ilmenau), John T. Kent (University of Leeds)
The projective shape of a configuration consists of the information that is invariant under
projective transformations. This kind of information arises naturally in computer vision while
working with uncalibrated cameras. The space of projective shapes of k points in RPd is by
definition the quotient space of k copies of RPd modulo the action of the projective linear
group PGL(d). Unfortunately, this topological space—just like similarity and affine shape
spaces—has poor separation properties. We give a detailed examination of the topology of
this projective shape space, and show how to derive subsets that are Hausdorff manifolds and
maximal.
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10.03.2016 13:30 Fabian Feise Rebenring 58, Raum RR58.1
Inhomogeneous Shearlet Coorbit Spaces
Fabian Feise (Philipps-Universität Marburg)
In signal analysis the shearlet transform can be used to extract directional information from
multivariate signals. Among other such transforms like the ridgelet, curvelet or contourlet
transform it stands out for being derived from a square-integrable representation of a certain
group, the so-called shearlet group. This relation to group theory makes it possible to apply
the coorbit space theory developed by Feichtinger and Gröchenig, which leads to smoothness
spaces where smoothness is measured by the decay of the voice transform. By discretizing
the underlying representation it is also possible to derive atomic decompositions and Banach
frames for these spaces. In the shearlet setting this gives rise to scales of new smoothness
spaces, the shearlet coorbit spaces. Since being derived from a group representation, such
coorbit spaces are necessarily homogeneous spaces. Recently, a generalization of the coorbit
space theory was developed to treat integral transforms not related to group theory, which
can be used to construct inhomogeneous coorbit spaces. In this talk, we will introduce a new
shearlet transform that is not given by a group representation and which allows us to define
inhomogeneous shearlet coorbit spaces by applying the generalized coorbit space theory.
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10.03.2016 13:50 Philipp Petersen Rebenring 58, Raum RR58.1
Directional Anisotropic Multiscale Systems on Bounded Domains
Philipp Petersen (TU Berlin)
Driven by an overwhelming amount of applications numerical approximation of partial differ-
ential equations has established itself as one of the core areas in applied mathematics. During
the last decades a trend for the solution of PDEs emerged, that focuses on employing systems
from applied harmonic analysis for the adaptive solution of these equations. Most notably
wavelet bases and also frames have been used and led for instance to provably optimal solvers
for elliptic PDEs. Inspired by this success story also other systems with various advantages
in different directions are currently beeing investigated in various discretization problems of
PDEs. For instance, ridgelets where recently successfully used in the discretization of linear
transport equations.
Maybe the most widely used anisotropic system today is that of shearlets, which admits opti-
mally sparse representations of functions which are governed by discontinuities along smooth
curves - so called cartoon like functions. This system constitutes a frame for L2(R2). How-
ever, in order to apply such systems in adaptive discretization algorithms it is necessary to
have a system on a bounded domain, which still yields a frame, is able to incorporate bound-
ary conditions, and characterizes Sobolev spaces. Although there have been first approaches
to construct shearlet systems for the solution of PDEs on bounded domains they fail to satisfy
all the desiderata above. In this talk we will introduce a novel shearlet system that meets all
the requirements mentioned above and admits optimal approximation rates for cartoon-like
functions. Furthermore we will present numerical results that demonstrate that this system
can be used in an adaptive algorithm to solve elliptic partial differential equations in optimal
complexity.
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10.03.2016 14:10 Johannes Persch Rebenring 58, Raum RR58.1
A Parallel Douglas Rachford Algorithm for Restoring Images with Values in Symmetric
Hadamard Manifolds
Johannes Persch (TU Kaiserslautern)
We are interested in restoring images having values in a symmetric Hadamard manifold by
minimizing a functional with a total variation like regularizing term. To solve the convex
minimization problem, we extend the Douglas-Rachford algorithm and its parallel version to
symmetric Hadamard manifolds.
For the convergence proof we investigate the corresponding reflection operators. We show
that the reflections of certain distance functions on the manifold are nonexpansive. Hence we
prove convergence for manifolds with constant curvature.
Several numerical examples demonstrate the advantageous performance of the suggested al-
gorithm compared to other existing methods as the cyclic proximal point algorithm or half-
quadratic minimization. Numerical convergence is also observed for the manifold of symmet-
ric positive definite matrices with the affine invariant metric which does not have a constant
curvature.
This is joint work with Ronny Bergmann and Gabriele Steidl.
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10.03.2016 14:30 Peter Ochs Rebenring 58, Raum RR58.1
Techniques for Gradient Based Bilevel Optimization with Nonsmooth Lower Level
Problem
Peter Ochs (Saarland University)
We consider techniques for approximating bilevel optimization problems with non-smooth and
non-unique lower level problems. The idea is to replace the lower level minimization problem
by an iterative algorithm that is guaranteed to converge to a minimizer of the problem. Using
suitable non-linear proximal distance functions, we obtain differentiable iterations and hence
a smooth approximation of the bilevel optimization problem. The number of iterations can be
interpreted as a natural smoothing parameter.
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10.03.2016 14:50 Matthias Zisler Rebenring 58, Raum RR58.1
Non-Binary Discrete Tomography by Continuous Non-Convex Optimization
Matthias Zisler (Heidelberg University), Jörg Hendrik Kappes (Heidelberg University),
Claudius Schnörr (Hochschule München), Stefania Petra (Heidelberg University), Christoph
Schnörr (Heidelberg University)
We study an energy formulation for non-binary discrete tomography and introduce a non-
convex coupling term in order to combine discrete constraints with a continuous reconstruction
method based on total variation regularization. The optimization is carried out by a generalized
forward-backward splitting algorithm for non-convex functions, which exploits the problem
structure and is guaranteed to globally converge to a local optimum. A detailed numerical
evaluation on standard test-datasets demonstrates that the proposed algorithm returns more
accurate reconstructions from a few number of projection angles than competing methods.
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10.03.2016 15:10 Matthias Beckmann Rebenring 58, Raum RR58.1
On the Error Behaviour of the Filtered Back Projection
Matthias Beckmann (Universität Hamburg), Armin Iske (Universität Hamburg)
Computerized tomography allows us to reconstruct a bivariate function from given Radon
samples. The reconstruction is based on the filtered back projection (FBP) formula, which
gives an analytical inversion of the Radon transform. However, the FBP formula is numeri-
cally unstable. Therefore, suitable low-pass filters of finite bandwidth are employed to make
the reconstruction by FBP less sensitive to noise.
The objective of this talk is to analyse the intrinsic FBP reconstruction error incurred by the
use of a low-pass filter. To this end, we prove L2-error estimates on Sobolev spaces of frac-
tional order. The obtained error bounds are affine-linear with respect to the distance between
the filter’s window function and the constant function 1 in the L∞-norm. Assuming more reg-
ularity of the window function, we can refine the error estimates to prove convergence for
the FBP reconstruction in the L2-norm as the filter’s bandwidth goes to infinity. Further, we
determine asymptotic convergence rates in terms of the bandwidth of the low-pass filter and
the smoothness of the target function.
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10.03.2016 17:00 Katrin Wannenwetsch Rebenring 58, Raum RR58.1
Deterministic sparse FFT algorithms
Katrin Wannenwetsch (Georg-August-Universität Göttingen), Gerlind Plonka (Georg-
August-Universität Göttingen)
Fast Fourier Transform algorithms have been known for a long time. Using these algorithms,
one can compute a vector x ∈ CN from its discrete Fourier transform x̂ = FNx, where FN
denotes the discrete Fourier matrix of orderN, requiringO(N logN) arithmetical operations.
In order to improve the complexity of FFT algorithms, one needs additional a priori assump-
tions on the vector x. We propose deterministic algorithms for sparse vectors.
In the case where a signal x∈CN is known to vanish outside a support interval of lengthm<N
we can derive a sublinear algorithm to compute x from its discrete Fourier transform x̂ ∈ CN .
The algorithm is deterministic and numerically stable. In case of exact Fourier measurements
it requires only O(m logm) arithmetical operations. For noisy measurements, we propose a
stable O(m logN) algorithm.
Further results include algorithms that use other a priori assumptions such as positivity and
sparsity of the vector x.
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10.03.2016 17:20 Christoph Brauer Rebenring 58, Raum RR58.1
Sparse Reconstruction of Quantized Speech Signals
Christoph Brauer (TU Braunschweig), Dirk Lorenz (TU Braunschweig), Timo Gerkmann
(Technicolor Research & Innovation)
We propose sparse reconstruction techniques to improve the quality and / or reduce the bitrate
of standard speech coders. To that end, we assume signal sparsity in some transform do-
main and formulate the problem of reconstructing the original signal in terms of constrained
`1-norm minimization. We use modern primal-dual methods in order to solve the resulting
non-smooth convex optimization problem. Experiments show that with the proposed sparse
reconstruction method the instrumentally predicted speech quality can be largely improved.
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10.03.2016 17:40 Stefan Loock Rebenring 58, Raum RR58.1
Iterative Phase Retrieval with Sparsity Constraints
Stefan Loock (Georg-August Universität Göttingen), Gerlind Plonka (Georg-August Univer-
sität Göttingen)
We consider the problem of iterative phase retrieval in near field X-ray propagation imaging.
Single distance measurements ask for strong a priori information about the specimen, e.g. the
specimen’s support, that are not always accessible.
In [1], we proposed to use `1-minimization of the shearlet coefficients of real-valued images
instead. The numerical evaluation using simulated data with noise showed promising results,
outperforming existing methods.
In [2], we extended this framework to cover complex-valued images whose expansions of am-
plitude and phase are both sparse in a shearlet frame. Both, numerical experiments as well as
the application to experimental data show the usefulness of this method.
Joint work with Gerlind Plonka, Anne Pein and Tim Salditt. We gratefully acknowledge the
funding of this work by the German Research Foundation (DFG) in the framework of SFB
755 ‘Nanoscale Photonic Imaging’.
References
[1] S. Loock and G. Plonka, Phase retrieval for Fresnel measurements using a shearlet sparsity
constraint, Inverse Problems 30 (2014) 055005.
[2] A. Pein, S. Loock, G. Plonka and T. Salditt, Using Sparsity Information for Iterative Phase
Retrieval in X-Ray Propagation Imaging, Preprint.
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10.03.2016 18:00 Axel Flinth Rebenring 58, Raum RR58.1
PROMP - Sparse Recovery of Integer-valued Signals.
Axel Flinth (Technische Universität Berlin)
Consider the problem of recovering a sparse signal which we a priori know is integer-valued
- or more generally a point on some lattice. This problem naturally appears in the field of
wireless communications, where users transmit bit-sequences to a central server. The sparsity
assumption becomes natural as the number of users grow large, whereas at each point in time,
usually only a few of the users will actively transmit a signal.
In this talk, we consider two possible modifications of existing compressed sensing algorithms
to tackle this problem. First, we will see that the method of projecting the output of Basis Pur-
suit (`1-minimization) onto its nearest lattice point will in fact for most lattices not enhance
recovery probabilites for most lattices.
As a second approach we introduce a new algorithm called PROMP, PRe-projected Orthog-
onal Matching Pursuit. The idea of this algorithm is to use `2-minimization together with
thresholding to obtain a first approximation of the support of the sought for signal, with which
OMP is warm-started. Under the assumption that the measurement matrix is Gaussian, we
can prove good theoretical performance of both the support approximation step as well as the
OMP warm-start. A small numerical experiment will be presented which confirms the theo-
retical prediction.
Axel Flinth
E-mail: flinth@tu-berlin.de
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10.03.2016 18:20 Maximilian März Rebenring 58, Raum RR58.1
RIPless "block-based" Compressed Sensing with Analysis Prior and Applications to
Magnetic Resonance Imaging
Maximilian März (Technische Universität Berlin/BMS)
Compressed Sensing (CS) is a powerful theory which guarantees the reconstruction of an
unknown sparse signal from a relatively small number of linear measurements. Theoretical
recovery results in CS are usually stated for certain types of isolated random measurements.
However, due to physical constraints, most acquisition systems measure the unknown signal
in form of block measurements, such as lines in the k-space for magnetic resonance imag-
ing (MRI). Furthermore, medical images are typically not sparse themselves but have sparse
analysis coefficients in certain dictionaries, e.g. wavelets or shearlets. A possible approach for
redundant dictionaries is therefore the analysis formulation of CS, for which only few results
are known so far.
Recently, a new approach was proposed by J. Bigot et al., which yields recovery results for
linear random block measurements under certain intra- and inter-support block coherence as-
sumptions. In the first part of this talk we present a similar non-uniform, RIP-less recovery re-
sult for analysis-sparse signals obtained through block measurements. The proof of this novel
result relies in particular on the construction of a suitable dual certificate and the Golfing-
scheme.
In the second part of the talk, we present numerical results for CS in analysis formulation in the
case of MRI-images which are measured along horizontal lines in the k-space. We propose
a regularization method which is inspired by an approach of W. Guo et al. It combines a
shearlet based regularizer in analysis formulation and a total generalized variation regularizer.
The resulting optimization problem is efficiently solved via a Split-Bregman approach. A key
observation here will be that in order to obtain accurate reconstructions, the sparsity in levels
of the shearlet transform has to be used appropriately.
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10.03.2016 18:40 Eva-Maria Brinkmann Rebenring 58, Raum RR58.1
Image Regularization with Sparse Vector Fields
Eva-Maria Brinkmann (University of Münster, Germany), Martin Burger (University of Mün-
ster, Germany), Joana Grah (University of Cambridge, UK)
The edges of an image constitute one of its major features. In many image processing tasks we
hence seek to find a reconstruction maintaining sharp edges while at the same time providing
smooth transitions between intensity values, thus not introducing artificial edges.
Nowadays, one of the most popular regularization approaches in variational methods to attain
solutions characterized by these properties is the Total Generalized Variation [1] given by:
TGV2(u) = α‖∇u−w‖1 +β‖Ew‖1, (1)
where E denotes the symmetrized gradient of the vector field w.
In [2] we considered the SVF-model for image denoising, where the symmetrized gradient of
w was replaced by the divergence operator leading to a regularization functional of the form:
SVF(u) = α‖∇u−w‖1 +β‖∇ ·w‖1 (2)
In this talk we further extend this idea by considering not only the divergence of w, but also
other natural vector field operations such as the curl, the shear and combinations thereof. We
investigate their effects on the reconstructed image u.
References
[1] K. Bredies, K. Kunisch and T. Pock. Total generalized variation. SIAM J. Imag. Sci. 3(3)
(2010), 492-526.
[2] E. Brinkmann, M. Burger and J. Grah: Regularization with sparse vector fields: From
image compression to Tv-type reconstruction. In Scale Space and Variational Methods in
Computer Vision, pages 191-202. Springer, 2015.
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11.03.2016 08:30 Ulrich von der Ohe Rebenring 58, Raum RR58.1
A multivariate generalization of Prony’s method
Stefan Kunis (Osnabrück University), H. Michael Möller (TU Dortmund), Thomas Peter (Os-
nabrück University), Tim Römer (Osnabrück University), Ulrich von der Ohe (Osnabrück
University)
Motivated by a physical problem, in 1795 de Prony [2] gave a method to reconstruct an ex-
ponential sum, i.e. a linear combination of exponential functions, from a finite number of
samples. By his approach the problem is reduced to solving an algebraic equation in a sin-
gle indeterminate. Several variants and generalizations of Prony’s method have been studied
recently, cf. Plonka-Tasche [4] for a survey. In particular the multivariate case has been stud-
ied [1, 5, 3]. In this talk we present a generalization of Prony’s method for exponential sums
in an arbitrary finite number of variables based on solving systems of multivariate algebraic
equations and consider some of its algebraic and numerical properties.
This talk is based on joint work with Stefan Kunis, H. Michael Möller, Thomas Peter, and
Tim Römer. Support by DFG-GRK1916 is gratefully acknowledged.
References
[1] E. J. Candès and C. Fernandez-Granda. Towards a mathematical theory of super-
resolution. Comm. Pure Appl. Math., 67(6):906–956, 2013.
[2] G. de Prony. Essai expérimental et analytique: Sur les lois de la Dilatabilité de fluides
élastiques et sur celles de la Force expansive de la vapeur de l’eau et de la vapeur de
l’alkool, à différentes températures. J. de l’École Polytechnique, 1:24–76, 1795.
[3] S. Kunis, T. Peter, T. Römer, and U. von der Ohe. A multivariate generalization of Prony’s
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11.03.2016 08:50 Benedikt Diederichs Rebenring 58, Raum RR58.1
Projection-based Parameter Estimation for Multivariate Exponential Sums
Benedikt Diederichs (Universität Hamburg)
Estimating the spectrum of a signal is a key problem in many fields of application. While the
case of univariate signals is classic ([1, 7]) , the multivariate case has attracted a lot of interest
in recent years. One possible approach for tackling multivariate problems is to use univariate
methods along a set of lines to obtain estimates for the multivariate problem. The choice of
scattered lines has been considered in [5, 4, 2], but quite often samples are taken on a grid (see
[3, 6] ). In this talk we show how to extend projection-based methods to the case of grid-based
samples. Numerical examples are provided for illustration.
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latabilité de fluides élastique et sur celles de la force expansive de la vapeur de làlkool, a
différentes températures. Journal de l’école polytechnique, 1(22):24–76, 1795.
[2] Benedikt Diederichs and Armin Iske. Parameter estimation for bivariate exponential sums.
Proc. Sampling Theory and Applications, pages 493–497, 2015.
[3] Yingbo Hua. Estimating two-dimensional frequencies by matrix enhancement and matrix
pencil. IEEE Transactions on Signal Processing, 40(9):2267–2280, 1992.
[4] Gerlind Plonka and Marius Wischerhoff. How many Fourier samples are needed for real
function reconstruction? Journal of Applied Mathematics and Computing, 42(1-2):117–
137, 2013.
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11.03.2016 09:10 Frank Filbir Rebenring 58, Raum RR58.1
An OPUC approach for detection of hidden frequencies
Frank Filbir (TU München & Helmholtz Center Munich)
Many applications in digital signal processing, speech recognition, as well as applications
in numerical analysis lead to the question of recuperating the location of the support of an
atomic measure from its moments. In case the underlying space is the torus this problem is
often called the problem of hidden frequencies and it is related to super-resolution of signals.
In this talk we present an approach based on orthogonal polynomials. We will demonstrate
the effectiveness and robustness of the method.
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08.03.2016 08:30 Andreas Naumann Pockelsstrasse 11/Haus der Wissenschaft, Raum
PK11.3
Multirate finite step methods for partitioned differential equations
Andreas Naumann (TU Dresden), Jörg Wensch (TU Dresden)
We deal with differential equations where separate processes on different time scales are in-
volved. There are several approaches to develop partitioned methods for additively split sys-
tems, among them additive Runge-Kutta methods, partitioned Runge-Kutta methods, IMEX
methods and multirate infinitesimal step methods. We extend the latter concept to multirate fi-
nite step methods. The multirate finite step methods integrate the slow part with a large macro
stepsize, whereas the fast terms are solved with several steps of a simpler method. Here, we fix
the number of small steps to be the same in all stages. We develop order conditions for these
methods which guarantee the same order independent of the number of small steps. Stability
is analyzed and methods with problem-taylored stability properties are constructed. We end
up with the presentation of numerical results.
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08.03.2016 08:50 Martin Köhler Pockelsstrasse 11/Haus der Wissenschaft, Raum PK11.3
Solving Differential Riccati Equations using Parareal
Martin Köhler (Max Planck Institute for Dynamics of Complex Technical Systems), Jens
Saak (Max Planck Institute for Dynamics of Complex Technical Systems), Norman Lang (TU
Chemnitz)
Solving a Linear Quadratic Regulator (LQR) problem for Linear Time Invariant (LTI) state-
space systems requires the solution of a matrix-valued Differential Riccati Equation (DRE)
−ET X˙E = ATXE+ETXA−ETXBBTXE+CTC, X(t f ) = Xt f
is the key ingredient for the optimal feedbackK :=−BTXE, which minimizes a given quadratic
cost functional. Since, the DRE is a stiff and matrix-valued ordinary differential equation, its
solution is a hard task in terms of computational complexity and memory requirements. In our
contribution we solve the equation using an s-order Rosenbrock scheme, which requires the
solution of s Lyapunov equations in every time step. Sticking to dense arithmetic this already
requires O(n3) flops. Including the remaining operations, the computation of one time step is
still an O(n3) process but with a relatively large constant. In order to be able to compute an
accurate solution within a suitable amount of time, we developed a Parareal enabled imple-
mentation of the Rosenbrock-scheme. This turns the strictly sequential computation scheme
into a parallel algorithm. The use of a distributed parallelization allows to distribute the nec-
essary memory across the participating processors. In this way we store the whole solution
in a distributed memory. The numerical experiments show the performance of the proposed
method. In the numerical experiments we reduced the computation time from more than a
week to about 3 hours for a heat equation example of dimension n= 371.
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08.03.2016 09:10 Gerd Bohlender Pockelsstrasse 11/Haus der Wissenschaft, Raum
PK11.3
High Speed Associative Accumulation of Floating-point Numbers and Floating-poinnt
Intervals
Ulrich Kulisch (Karlsruher Institut für Technologie), Gerd Bohlender (KIT Karlsruher Insti-
tut für Technologie)
Floating-point arithmetic is the tool that is most commonly used for scientific computation.
It is well known that conventional floating-point addition is not associative, i.e., for floating-
point numbers a,b,c in general a+(b+ c) 6= (a+ b)+ c. This, however, is a relict of old
and poor technologies. We show in this paper, that n floating-point numbers ai, i = 1(1)n,
very well can be added in a way that produces a result that is independent of the order in
which the summands are added. This method does not round after each single addition. It
accumulates the summands exactly into a modest fixed-point register on the arithmetic unit
and rounds the sum to a floating-point number only once at the very end of the accumulation.
By pipelining the sum can be computed in the time the processor needs to read the summands,
i.e., the sum is computed at extreme speed. The method presented here is a specialization of
techniques for fast and exact computation of dot products of two floating-point vectors used
in the XSC-languages since 1980 to the accumulation of simple floating-point numbers. It
has the potential of replacing conventional methods for the implementation of floating-point
addition and subtraction. The method very naturally can be applied to the accumulation of n
floating-point intervals. Here again the result is independent of the order in which the intervals
are added.
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08.03.2016 08:30 Philipp Knechtges Altgebäude (Pockelsstrasse), Raum PK4.4
Schur Complement Based Preconditioning of the Stabilized Stokes Equations
Philipp Knechtges (RWTH Aachen), Jakub Both (RWTH Aachen), Lutz Pauli (RWTH
Aachen), Marek Behr (RWTH Aachen), Stefanie Elgeti (RWTH Aachen)
Both research and industrial applications require the accurate, but also efficient, numerical
prediction of complex phenomena. The handling of the arising linear equation systems leads
to an increasing demand for fast linear solvers. In addition to an efficient serial performance,
the solver should also scale (weakly) on parallel machines. It is commonly believed that no
panacea for the scaling problem exists; thus opening the field of special-purpose precondition-
ers, i.e., preconditioners suitable for a certain class of problems. The common approach in the
design of such preconditioners is to break down the problem into chunks that are amenable to
scalable solvers like multigrid methods. With the application to fluid flows in mind, this talk
will focus on an equal-polynomial-order FEM-discretization of the Stokes equations with a
stabilization by means of the Galerkin/Least-Squares (GLS) method. For this purpose, we
have generalized the Schur complement based preconditioning with a pressure matrix —
which for LBB-stable approximations [1] and stabilizations using Verfürth’s trick [2] has al-
ready been shown to yield good results — to GLS-stabilized approximations. In addition to
these theoretical considerations, we will also present an assessment of our implementation on
standard benchmarking problems.
References
[1] M.A. Olshanskii, J. Peters, A. Reusken. Uniform preconditioners for a parameter depen-
dent saddle point problem with application to generalized Stokes interface equations. Nu-
merische Mathematik 105 (1) (2006), 159–191.
[2] M. Picasso, J. Rappaz. Stability of time-splitting schemes for the Stokes problem with
stabilized finite elements. Numerical Methods for Partial Differential Equations 17 (6)
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08.03.2016 08:50 Kathrin Smetana Altgebäude (Pockelsstrasse), Raum PK4.4
Optimal local approximation spaces for component-based static condensation proce-
dures
Kathrin Smetana (University of Münster), Anthony T Patera (Massachusetts Institute of Tech-
nology)
One way to facilitate simulations for large structures such as aircraft or ships is to exploit their
natural decomposition into components and apply static condensation (sc) to obtain a (Schur
complement) system of the size of the degrees of freedom (DOF) on all interfaces or ports in
the system. However, as the size of this Schur complement system may still be very large it is
vital to reduce the number of DOF on the ports and thus consider reduced port spaces.
To find optimal reduced port spaces we generalize the idea of separation of variables. In de-
tail, we connect two components at the port for which we wish to construct the space and
consider the space of all harmonic extensions on this system, i.e. all functions that satisfy the
PDE with arbitrary Dirichlet boundary conditions on the ports that lie on the boundary of the
two-component system. Note that from separation of variables we anticipate an exponential
convergence (of the higher modes) of the Dirichlet boundary conditions to the interior of the
system. To quantify which infomation of the Dirichlet boundary conditions reaches the shared
port of the system, we introduce a (compact) transfer operator that acts on the space of har-
monic extensions and maps the traces (of the harmonic extensions) on the boundary ports to
the trace on the shared port. Solving the “transfer eigenproblem” for the composition of the
transfer operator and its adjoint yields the optimal space. For a related work in the context
of the generalized finite element method we refer to [Babuška and Lipton, 2011]. Numerical
experiments for isotropic linear elasticity demonstrate the very rapid and exponential con-
vergence both of the eigenvalues and the sc approximation based on spectral modes also for
non-separable and irregular geometries such as an I-Beam with an internal crack.
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08.03.2016 09:10 Julius Reiss Altgebäude (Pockelsstrasse), Raum PK4.4
An adjoint based pressure correction scheme
Julius Reiss (TU Berlin)
Incompressible flows are flows where the flow field is solenoidal, i.e. the divergence of the
flow is zero. This is an algebraic constraint on the solution in time. This implicitly determines
the pressure, which is chosen so that the constrain is fulfilled. To calculate the pressure in a
numerical schemes often a Poisson equation is derived, which is solved in an iterative manner.
Here, instead the constraint is formulated as an optimization problem. The cost function is
taken as the norm of the divergence. A gradient based optimization is performed to calculate
the pressure in every time step of the simulation. By this a (different) iterative scheme is
derived, not relying on the Poisson equation.
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08.03.2016 17:00 Massimo Fornasier Pockelsstrasse 11/Haus der Wissenschaft, Raum
PK11.3
Discretization of evolutions of critical points and applications in fracture simulation
Massimo Fornasier (Technische Universität München)
We present a novel constructive approach to define time evolution of critical points of an
energy functional. Differently from other more established approaches based on viscosity
approximations in infinite dimension, our procedure is prone to efficient and consistent nu-
merical implementations, and allows for an existence proof under very general assumptions.
We consider in particular rather nonsmooth and nonconvex energy functionals, provided the
domain of the energy is finite dimensional. Nevertheless, in the infinite dimensional case study
of a cohesive fracture model, we prove a consistency theorem of a discrete-to-continuum limit.
We show that a quasistatic evolution can be indeed recovered as limit of evolutions of critical
points of finite dimensional discretizations of the energy, constructed according to our scheme.
To illustrate the results, we show several numerical experiments. These agree with the crack
initiation criterion, which states that a fracture appears only when the stress overcomes a cer-
tain threshold, depending on the material.
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08.03.2016 17:40 Sascha Trübelhorn Pockelsstrasse 11/Haus der Wissenschaft, Raum
PK11.3
TAMGARK: Time-Adaptive Multirate Generalized-Structure Additively Partitioned
Runge-Kutta Schemes for Mechanical Fluid-Structure Interaction Problems
Sascha Trübelhorn (Universität Kassel), Sigrun Ortleb (Universität Kassel)
The dynamic behavior of coupled systems arising from the simulation of thermal or mechan-
ical interaction between fluids and solids, is typically characterized by different time scales
of the involved subsystems. Multirate schemes exploit these different time scales by using
different step sizes for each of the subsystems.
In 1999, Kværnø and Rentrop derived a theory of explicit multirate RK schemes, which avoid
the large overhead caused by coupling the subsystems via interpolation and extrapolation and
tested the performance for an inverter chain from electric circuits [1]. Two years later, these
explicit schemes were generalized to applications involving coupled systems with stiff com-
ponents by Günther, Kværnø and Rentrop [2].
An even more general formulation of this approach was given by Sandu and Günther in
2015 [5]. Their generalized-structure additively partitioned Runge-Kutta schemes (GARK)
allow for different stage values as arguments of different components of the right-hand side
and combine different RK schemes with inter-component coupling schemes. Although these
schemes are equivalent to classical additive Runge-Kutta schemes (ARK), this formulation
has several advantages over the latter one. Most prominently, it unravels the internal structure
of the overall scheme by separating the basic integration schemes from the coupling coeffi-
cients and it makes the derivation of new schemes, that preserve the order of the base schemes,
much easier. The GARK formalism includes a variety of well-known schemes for partitioned
problems, like the classical IMEX schemes.
The original GARK schemes use one single time step size for all components of the system,
but have been extended to the two-component multirate case by Günther and Sandu [4], i. e.
to systems comprising one "fast" and one "slow" component, that are handled with individual
micro resp. macro time steps. Yet, this has only been done for a constant size of all micro time
steps per macro step.
We extend this approach to the time-adaptive case, arriving at our so-called TAMGARK
scheme, derive order conditions for arbitrary non-constant micro step sizes and study the sta-
bility of the scheme. The TAMGARK scheme is applied to the classical piston test problem [3]
to study the interaction between the piston and inviscid fluid flow in one spatial dimension.
Conservation of mass and energy is considered as well.
Present and future work comprises the application of TAMGARK in the context of thermome-
chanical FSI. More precisely, we seek to apply the scheme to DG-discretized two dimensional
viscous flow interacting with solids, to simulate steel forming processes.
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08.03.2016 18:00 Pia Domschke Pockelsstrasse 11/Haus der Wissenschaft, Raum PK11.3
Adaptive Modelling, Simulation and Optimization of Gas and Water Supply Networks
Pia Domschke (TU Darmstadt)
The operation of gas transmission or water supply networks involves many challenges for the
network operators in the real market. Fed in by multiple suppliers, gas or water has to be routed
through the network to meet the consumers’ demands. At the same time, the operational costs
of the network like energy consumption of compressor and pumping stations or contractual
penalties have to be minimized. This leads to an optimal control problem on a network.
For the optimization task, reliable simulation results are necessary. We address this task by
using a goal-oriented adaptive strategy for the simulation. Besides refinement in space and
variable time stepping, we want to use simplified models in regions of the network with low
activity, while sophisticated models are used in regions where the dynamical behaviour of the
flow needs to be resolved in detail. We introduce a posteriori error estimators to assess the
discretization and model errors with respect to a quantity of interest. These error estimators
are derived using adjoint techniques, which are also suitable for optimization. We then present
a strategy to balance these errors regarding a given tolerance. Finally, we will show some
numerical experiments for the adaptive simulation algorithm as well as the applicability in an
optimization framework.
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08.03.2016 18:20 Julian Krämer Pockelsstrasse 11/Haus der Wissenschaft, Raum PK11.3
A Novel Nonconforming Finite Element Substructuring Method For Solid Mechanics
Julian Krämer (Karlsruhe Institute of Technology), Christian Wieners (Karlsruhe Institut of
Technology)
In our contribution we present a novel finite element method for solid mechanics. Conforming
methods lack robustness in nearly incompressible cases, while discontinuous Galerkin meth-
ods are robust but need a huge computational effort. We aim for an approach, which is robust
with respect to anisotropy and incompressibility and yet is efficient and enables a flexible
choice of degrees of freedom, to support adaptive refinement. The main idea of our method is
the introduction of face degrees of freedom which couple in weak form to the local solution in
the cells. In each cell the local problem is solved with a higher accuracy in order to increase
the robustness of the method. This does not increase the number of global degrees of freedom
and not the global accuracy. The largest margin of computations is done as many small in-cell
computations and thus the method is well suited for parallelisation. The implementation was
realised using the finite element library M++, which features a parallelisation module, see [1].
The new method leads to a system which has, especially in the 3D case, fewer non-zero en-
tries in each row compared to standard discontinuous Galerkin methods and can therefore be
solved more efficiently.
We test this method in solid mechanics with various benchmark configurations, including
Cook’s problem with nearly incompressible material. We present results in 2D and 3D in-
cluding adaptivity and make the comparison between our method and discontinuous Galerkin
methods with respect to robustness and efficiency.
References
[1] C. Wieners. A geometric data structure for parallel finite elements and the application
to multigrid methods with block smoothing. Computing and Visualization in Science, 13
(4):161–175,2010.
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08.03.2016 18:40 Tarin Srisupattarawanit Pockelsstrasse 11/Haus der Wissenschaft, Raum
PK11.3
Coupled Thermo-Mechanical and Wear Effects on the Analysis of High Speed Railway
Brake Systems.
Tarin Srisupattarawanit (TU Braunschweig), Frank Schiefer (), Georg -Peter Ostermeyer ()
The high speed railway brakes transfer a large amount of kinetic energy into heat. The tem-
perature during a brake operation could reach values higher than 900 °C. The dynamics of
the brake system is rather complicated with respect to the multiphysical phenomena. In this
paper, the thermo-mechanical coupling are investigated combined with the loos of brake ma-
terial due to wear. The coupled model is discretized by conventional finite element method.
Different coupled algorithms have been tested. Various scenarios have been simulated and
shown reasonable results. The temperature and deformation on pad and disc, especially the
thermal deformation of disc the so–called coning effect can also be prescribed with this cou-
pled multiphysics model. Furthermore, the tapered wear on brake pads is also discussed as
a requirement of railway brake design in terms of durability. Thereby, the Ehlers’s model is
normally used to minimize tapered wear by selecting an adequate point of applied braking
force. An extended Ehlers’s model is also presented here, which concerns wear effect based
on Archard’s model.
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09.03.2016 08:30 Kai Diethelm Pockelsstrasse 11/Haus der Wissenschaft, Raum PK11.3
Tools for assessing and optimizing the energy requirements of high performance scien-
tific computing software
Kai Diethelm (GNS Gesellschaft für numerische Simulation mbH)
One of the main challenges for today’s leading high performance computing centers is the
continuously rising cost of operation. A main driver of this trend is the increase in expenses
for energy. Recent surveys demonstrate that, for a typical current high-end HPC installation,
the energy bill is repsonsible for more than 30% of the total cost of ownership, and the common
expectation is that this share will become even larger for future HPC systems. Therefore, HPC
centers are starting to motivate their users to implement their software in an energy efficient
manner. A key difficulty in this process is the fact that many software developers in the area of
scientific computing are neither aware of their codes’ energy requirements nor do they know
how to optimize their programs in this respect.
Score-P is a measurement infrastructure originally designed for the analysis and optimization
of the performance of HPC codes. Together with its associated tools like Vampir, CUBE,
the Periscope Tuning Framework and TAU, it has recently been extended in a way that now
also allows the investigation of energy-related properties and that supports the user in the im-
plementation of corresponding improvements. In this talk, we present the new features of
Score-P and show how they can be used to improve the behaviour of HPC software. An im-
portant aspect in this procedure is that our focus is not exclusively on energy; in fact it would
be counterproductive to ignore performance issues here. We therefore aim at optimizing the
software with respect to an objective function that takes into account energy and run time.
While the use of the tools currently requires a significant degree of manual work by the soft-
ware developer, an outlook on developments currently under investigation will show future
options for semi- or even fully-automatic approaches.
The work presented in this talk is supported by the German Ministry of Education and Re-
search (Project Score-E, Grant No. 01IH13001) and the European Commission (Horizon 2020
Project READEX, Grant No. 671657).
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09.03.2016 08:50 Martin Siebenborn Pockelsstrasse 11/Haus der Wissenschaft, Raum
PK11.3
High performance optimization algorithms for interface identification problems
Martin Siebenborn (Trier University)
In many applications, which are modeled by partial differential equations, there is a small
number of spatially distributed materials or parameters distinguished by interfaces. The prob-
lem is then to optimize the shape of these interfaces such that given measurements are reflected
by the model. Depending on the application the parameter distribution may form complex
contours. Thus, high resolutions are required in the underlying finite element discretizations.
The challenge here is to combine methods from PDE constraint shape optimization with HPC
techniques and prepare algorithms for supercomputing.
In this talk we present an algorithm that utilizes multigrid strategies and limited memory
BFGS updates in order to achieve scalability on very large shape optimization problems. We
also show how this can be implemented into an augmented Lagrangian method such that ge-
ometric constraints on the shape can be incorporated additionally. In this context optimizing
shapes automatically means to deform finite element meshes iteratively. This usually dete-
riorates the quality of the discretization and thus affects the performance of the solver. We
therefore introduce novel shape metrics that show good performance in retaining aspect ratios
of discretization elements.
The presented algorithm is shown to perform on two applications. A standard test case is to
identify the shape that minimizes energy dissipation in a Stokes flow. Here we demonstrate
that the proposed algorithm retains good mesh quality. Furthermore, it is shown how geo-
metric constraints are incorporated. The second application is the identification of the shape
of human skin cells. It is demonstrated how the distribution of permeability coefficients in a
computational model for the human skin are fitted to measurements.
References
[1] V. Schulz and M. Siebenborn. Computational comparison of surface metrics for PDE
constrained shape optimization, arXiv:1509.08601. 2015
[2] A. Nägel, V. Schulz, M. Siebenborn, and G. Wittum. Scalable shape optimization methods
for structured inverse modeling in 3D diffusive processes, Computing and Visualization
in Science, 17(2):79-88, 2015
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09.03.2016 09:10 Max Sagebaum Pockelsstrasse 11/Haus der Wissenschaft, Raum PK11.3
Automated generation of performance values for Algorithmic Differentiation
Max Sagebaum (TU Kaiserslautern), Tim Albring (TU Kaiserslautern), Nicolas R. Gauger
(TU Kaiserslautern)
Several approaches are possible in order to transform a simulation code into an optimization
code. With the application of Algorithmic Differentiation (AD) this process can be automated
such that the simulation code can easily be used in optimization procedures such as shape
design approaches. Several studies show that applying operator overloading AD yields appro-
priate codes for this purpose [1, 3].
Nevertheless, the performance and memory consumption of the shape optimization code can
often not be determined in advance. Estimates from Griewank and Walther [2] state that a
tangent propagation needs a factor of 2.5 and an adjoint propagation a factor of 4 compared
to the simulation code. These estimates are based on the four-component complexity measure
from [2]. It is defined as TIME{task(F)} = wTWORK{task(F)} with
WORK{task} =

MOVES
ADDS
MULTS
NLOPS
=

#of fetches and stores
#of additions and subtractions
#of multiplications
#of nonlinear operations

were F is the function that is being measured. w is the vector of the relative time factors and
is defined as wT = (µ,1,pi,ν) with the assumptions µ ≥ pi ≥ 1 and ν ≥ 2pi .
The factors 2.5 and 4 are based on estimates of µ (relative time for a memory movement), pi
(relative time for a multiplication) and ν (relative time for nonlinear operations) and therefore
the run time factors seen in real world applications do not always agree with these factors.
The first step proposed here is to generate accurate measurements for µ , pi and ν for a specific
hardware setup. The second step is then the automatic generation of these quantifiers, so that
they can be generated automatically for different setups. The third step would be to tailor these
quantifiers to the specific AD tool that is used for the operator overloading. Finally, for each
simulation code very good estimates can be given for the memory and run time factors of the
generated shape optimization code.
References
[1] T. Albring, B.Y. Zhou, N. R. Gauger, and M. Sagebaum. An aerodynamic design frame-
work based on algorithmic differentiation. ERCOFTAC Bulletin, 102:10?16, 2015.
[2] Andreas Griewank. Evaluating Derivatives: Principles and Techniques of Algorithmic
Differentiation. Number 19 in Frontiers in Appl. Math. SIAM, Philadelphia, PA, 2000.
[3] M. Sagebaum, E. Özkaya, and N. R. Gauger. Challenges in the automatic differentiation
of an industrial cfd solver. EUROGEN 2013, Universidad de Las Palmas de Gran Canaria,
Spain, 2014.
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09.03.2016 08:30 Christopher Linsenmann Altgebäude (Pockelsstrasse), Raum PK4.4
High order space-time discretizations of a sixth order Cahn-Hilliard equation
Oleg Boyarkin (Universität Augsburg), Ronald H.W. Hoppe (Universität Augsburg; Univer-
sity of Houston), Christopher Linsenmann (Universität Augsburg)
We consider an initial-boundary value problem for a sixth order Cahn-Hilliard equation de-
scribing the formation of microemulsions. Microemulsions are thermodynamically stable col-
loidal dispersions of oil and water stabilized by an interfacial film that have significant appli-
cations in pharmacology.
Based on a Ciarlet-Raviart type mixed formulation as a system consisting of a second or-
der and a fourth order equation, the spatial discretization is done by a C0 Interior Penalty
Discontinuous Galerkin (C0IPDG) approximation with respect to a geometrically conforming
simplicial triangulation of the computational domain. The DG trial spaces are constructed
by C0 conforming Lagrangian finite elements of polynomial degree k ≥ 2. This leads to an
initial value problem for an index 1 Differential Algebraic Equation (DAE) which is further
discretized in time by a s-stage Diagonally Implicit Runge-Kutta (DIRK) method of order
p ≥ 2. The resulting parameter dependent nonlinear algebraic system is solved numerically
by a predictor-corrector continuation strategy with constant continuation as a predictor and
Newton’s method as a corrector featuring an adaptive choice of the continuation parameter.
We prove unique solvability of the obtained staggered Newton system if the time increment is
chosen small enough.
Numerical results illustrate the performance of the suggested approach.
O. Boyarkin, R.H.W. Hoppe, C. Linsenmann. High order approximations in space and time of
a sixth order Cahn-Hilliard equation. Russ. J. Numer. Anal. Math. Modelling 30(6), 313–328,
2015.
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09.03.2016 08:50 Benjamin Mueller Altgebäude (Pockelsstrasse), Raum PK4.4
Low-Mode Averaging with a Multigrid Eigensolver in Lattice QCD
Benjamin Mueller (Johannes Gutenberg-Universitaet Mainz), Gunnar Bali (Institut für The-
oretische Physik), Sara Collins (Institut für Theoretische Physik), Andreas Frommer (Fach-
bereich Mathematik und Naturwissenschaften), Issaku Kanamori (Department of Physics),
Matthias Rottmann (Fachbereich Mathematik und Naturwissenschaften), Jakob Simeth (In-
stitut für Theoretische Physik)
We present a multigrid based eigensolver for computing low-modes of the Hermitian Wilson
Dirac operator. For the non-Hermitian case multigrid methods have already replaced conven-
tional Krylov subspace solvers in many lattice QCD computations. Since the γ5-preserving
aggregation based interpolation used in our multigrid method is valid for both, the Hermi-
tian and the non-Hermitian case, inversions of very ill-conditioned shifted systems with the
Hermitian operator become feasible. This enables the use of multigrid within shift-and-invert
type eigen-solvers. We show numerical results from our MPI-C implementation of a Rayleigh
quotient iteration with multigrid. For state-of-the-art lattice sizes and moderate numbers of
desired low-modes we achieve speed-ups of an order of magnitude and more over PARPACK.
We show results and develop strategies how to make use of our eigensolver for calculating
disconnected contributions to hadronic quantities that are noisy and still computationally chal-
lenging. Here, we explore thepossible benefits, using our eigensolver for low-mode averaging
and related methods with high and low accuracy eigenvectors. We develop a low-mode averag-
ing type method using only a few of the smallest eigenvectors with low accuracy. This allows
us to avoid expensive exact eigen-solves, still benefitting from reduced statistical errors.
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09.03.2016 09:10 Nagaiah Chamakuri Altgebäude (Pockelsstrasse), Raum PK4.4
Multiscale modeling and simulation of calcium cycling in cardiac myocytes
Nagaiah Chamakuri (MDC, Berlin), Martin Falcke (MDC, Berlin), Wilhelm Neubert (MDC,
Berlin)
In this talk, the detailed model of the intracellular calcium dynamics in a cardiac myocyte is
presented and their efficient numerical techniques are discussed. The set of reaction diffusion
equations describe the behavior of the intracellular calcium concentrations in cytoplasm as
well as in the sarcoplasmic reticulum (SR) domain. We adopted a detailed CRU model to
describe the source functions in the PDE model and the dynamics of the membrane potential
is based on the Mahajan membrane Model. A novel computational approach to deal with
the small time step sizes during the stochastic CRU dynamics is presented. We developed a
efficient finite element simulator interface for the numerical simulation of such multiphysics
and multiscale model of the calcium dynamics.
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09.03.2016 14:30 Alexander Jaust Pockelsstrasse 11/Haus der Wissenschaft, Raum
PK11.3
An efficient linear solver for the hybridized discontinuous Galerkin method
Alexander Jaust (RWTH Aachen), Jochen Schütz (Universiteit Hasselt), Vadym Aizinger
(Universität Erlangen-Nürnberg)
The discontinuous Galerkin (DG) methods make up a class of popular high-order methods
for computational fluid dynamics (CFD) applications. However, these methods need more
degrees of freedom to represent numerical solutions than the classical finite element and finite
volume methods; the computational expenses due to global coupling of all degrees of freedom
can become particularly significant when time-implicit solvers are used.
In [1], it has been shown that the arising linear system can be solved efficiently by applying
a hierarchical scale separation (HSS) approach. For a DG method using a hierarchical basis,
the linear system can be trivially split into two parts: A coarse scale system that corresponds
to the unknowns for low-order polynomial modes and a fine scale system that refers to the
remaining modes. The coarse-scale system is much smaller than the full system - especially
for large values of approximation space order p - and therefore can be solved efficiently using
black-box linear solvers. Using a simple smoother, the fine-scale system computes a high-
order correction to the low-order modes. Overall, this yields an iterative scheme.
Even greater reductions in the linear system size can be achieved by utilizing a hybridized
discontinuous Galerkin (HDG) approach [2]. The method works by introducing auxilliary
degrees of freedom corresponding to the edges of the computational mesh. All other degrees
of freedom can then be expressed from those additional unknowns as solutions of local (ele-
mentwise) boundary value problems, thus allowing for static condensation and resulting in a
tremendous decrease in the number of globally coupled degrees of freedom.
In [3], a combination of the HSS and the HDG methods has been investigated. Promising re-
sults have been obtained for scalar convection and convection-diffusion equations.We extend
this recent work to systems of (nonlinear) equations, in particularly aiming for the compress-
ible Navier-Stokes equations; and show results for several test cases.
References
[1] V. Aizinger, D. Kuzmin, L. Korous. Scale separation in fast hierarchical solvers for
discontinuous Galerkin methods. Applied Mathematics and Computation 266:838–849,
2015
[2] B. Cockburn, J. Gopalakrishnan, R. Lazarov. Unified hybridization of discontinuous
Galerkin, mixed, and continuous Galerkin methods for second order elliptic problems.
SIAM Journal on Numerical Analysis 47:1319–1365, 2009.
[3] J. Schütz, V. Aizinger. A hierarchical scale separation approach for the hybridized dis-
continuous Galerkin method. submitted to Applied Mathematics and Computation
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09.03.2016 14:50 Matthias Sonntag Pockelsstrasse 11/Haus der Wissenschaft, Raum
PK11.3
Efficient Parallelization of Discontinuous Galerkin Methods with Shock Capturing on
Finite Volume Sub-Cells
Matthias Sonntag (TU Kaiserslautern), Nicolas Gauger (), Claus-Dieter Munz ()
High order Discontinuous Galerkin methods have proven to be very good in terms of accuracy
per numerical effort. But one major issue of high order methods in general is the problem,
that shock waves travelling through grid cells or strong gradients may introduce oscillations,
which cause instabilities. We present a shock capturing for high order Discontinuous Galerkin
methods, by which shock regions are refined and treated by the finite volume techniques.
This approach combines the good properties from both methods. Smooth parts of the flow
are treated with Discontinuous Galerkin, while regions with shocks or strong gradients are
resolved with total variation diminishing Finite Volume sub-cells. In this talk we will focus
on the implementation of this coupled method and how it is efficiently parallelized.
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09.03.2016 15:10 Immo Huismann Pockelsstrasse 11/Haus der Wissenschaft, Raum
PK11.3
Cascadic multigrid in a spectral-element context
Immo Huismann (TU Dresden), Jörg Stiller (TU Dresden), Jochen Fröhlich (TU Dresden)
Current research in computational fluid dynamics focusses on high-order methods, which offer
a significant reduction of the computational effort for a given error bound.
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09.03.2016 16:00 Michael Breuß Pockelsstrasse 11/Haus der Wissenschaft, Raum PK11.3
Computational Models in Computer Vision: Shape from Shading
Michael Breuß (BTU Cottbus-Senftenberg)
The shape-from-shading (SFS) problem is a classic task in computer vision. Given a single
input image, SFS aims at computing the 3D shape of a depicted object at hand of the light
reflectance at the objects’ surface. In this contribution an overview is given on recent per-
spective SFS models and computational approaches. This includes methods based on partial
differential equations and, as an extension, variational approaches.
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09.03.2016 16:40 Timo Betcke Pockelsstrasse 11/Haus der Wissenschaft, Raum PK11.3
Operator algebras for Galerkin discretizations and their application to the fast assem-
bly of boundary integral operators
Timo Betcke (University College London), Wojciech Smigaj (Simpleware Ltd)
Consider an operator A :H1→H2,where H1 and H2 are given Hilbert spaces.Given finite
dimensional subspacesH (h)1 andH
(h)
2 of these Hilbert spaces a Galerkin discretization of A
is the matrixA defined by
Ai j := 〈Av j,wi〉, v j ∈H (h)1 , wi ∈
[
H
(h)
2
]′
.
While Galerkin discretizations have many theoretical and often also computational advan-
tages to other discretization techniques such as collocation methods a fundamental issue is
the lack of a full product algebra. For example, if B :H2→H3 is another operator mapping
into a Hilbert space H3 then the discretization of the product BA is not given by BA but is
approximated as BM†A, where M† is a (possibly weighted) pseudoinverse of the mass ma-
trix M betweenH (h)2 andH
(h)
3 .This makes it more cumbersome for users of Galerkin finite
element or Galerkin boundary element packages to describe simple operations such as the
multiplication with an operator based preconditioner or the projection of operators between
different spaces.Within the boundary element package BEM++ (www.bempp.org) we have
implemented a product algebra for operators based on specifiying not only the dual space nec-
essary for the discretization of an operator, but also a range space. This allows the user to
write directly in the code expressions such as
w= B∗A∗ f ,
where f is a function onH (h)1 and w is a resulting function onH
(h)
3 . All underlying mass ma-
trix transformations will be evaluated automatically to give the correct result.We will present
a range of applications of this operator algebra starting from imbedding operators between
spaces to the efficient assembly of complex operator based preconditioners for boundary inte-
gral equations and efficient expressions for the assembly of scalar hypersingular and Maxwell
electric field operators. All examples will be accompagnied by simple Python code snippets
using the BEM++ library.
1685

09.03.2016 17:00 Matthew Scroggs Pockelsstrasse 11/Haus der Wissenschaft, Raum
PK11.3
Solving Maxwell problems with BEM++
Matthew Scroggs (University College London), Timo Betcke (University College London),
Erik Burman (University College London)
BEM++ (www.bempp.org) is an open source Boundary Element Method (BEM) solver for 3D
Laplace, Helmholtz and Maxwell problems, developed at UCL. It has a simple Python inter-
face with a fast C++ core. The goal of the BEM++ project is to provide a simple but powerful
Python based framework for a wide variety of problems. In this talk, we will present some of
the functionality for Maxwell in BEM++, including simple Python code snippets.
Without good preconditioners, Maxwell solvers can be very slow to converge, or even fail
to converge at all. This talk will cover the use of multiplicative Calderon preconditioning in
Maxwell solvers and its implementation in BEM++.
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09.03.2016 17:40 Maxim Felde Pockelsstrasse 11/Haus der Wissenschaft, Raum PK11.3
Using impedance transmission conditions in time domain – the application to thin sheets
for the eddy current model
Kersten Schmidt (Technische Universität Berlin), Maxim Felde (Technische Universität
Berlin)
Thin conducting sheet in electromagnetic problems are usually replaced by impedance trans-
mission conditions (ITC) to avoid the meshing of the sheet as well as the boundary layer
behaviour for medium frequencies (skin effect). We show how ITCs derivated asymptotically
for small thicknesses for frequency domain can be applied for problems in time domain. Due
to the time convolution, the resulting systems exhibit in general a nonlocal dependency in
time. For the time discretisation we use convolution quadrature (CQ) and fast and oblivious
convolution quadrature method (FOCQ).
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10.03.2016 08:30 Sebastian Götschel Pockelsstrasse 11/Haus der Wissenschaft, Raum
PK11.3
Lossy Compression for Efficient Time-Parallel PDE Solvers
Lisa Fischer (Zuse Institute Berlin), Sebastian Götschel (Zuse Institute Berlin), Alexander
Kammeyer (Zuse Institute Berlin), Thomas Steinke (Zuse Institute Berlin), Martin Weiser
(Zuse Institute Berlin), Florian Wende (Zuse Institute Berlin)
Time-parallel methods for the solution of time-dependent partial differential equations are
receiving increasing interest in recent years to make use of additional concurrency when the
scaling limit of space-parallelization is reached. There, iterative multilevel schemes such as
PFASST (“Parallel Full Approximation Scheme in Space and Time”) [1] are currently state of
the art and achieve a significant parallel efficiency of more than 50%.
After subdividing the time interval [0,T ] into N uniform intervals which are assigned to dif-
ferent processors, PFASST uses a hierarchy of spatial and temporal discretizations as well as
FAS-corrections to compute approximate solutions to the original problem. The method re-
quires the transfer of fine grid corrections from one time subinterval to the next, i.e. between
different compute nodes. As the relative cost of data transfer is growing in modern parallel
computers, reduction of the communication overhead is needed to avoid degradation of the
parallel efficiency.
In this talk, we investigate the use of lossy compression of finite element solutions developed
in [3, 2] to reduce the amount of data transferred between different processors. We discuss
accuracy requirements, efficiency improvements and impact on scalability, and give numerical
examples.
References
[1] M. Emmet, M. Minion. Toward an efficient parallel in time method for partial differential
equations. Comm. Appl. Math. Comp. Sci. 7(1), 105–132, 2012.
[2] S. Götschel, M. Weiser. Lossy compression for PDE-constrained optimization: adaptive
error control. Comput. Optim. Appl. 62(1), 131–155, 2015.
[3] M. Weiser, S. Götschel. State trajectory compression for optimal control with parabolic
PDEs. SIAM J. Sci. Comput. 34(1), A161–A184, 2012.
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10.03.2016 08:50 Tatiana Samrowski Pockelsstrasse 11/Haus der Wissenschaft, Raum
PK11.3
A Posteriori Error Estimation for Stationary Reaction-Convection-Diffusion Problems
Tatiana Samrowski (Zurich University of Applied Science), Martin Eigel ()
In case of dominant convection,the solution for this class of problems typically exhibits bound-
ary layers and shock-frontlike areas with steep gradients. This renders the accurate numerical
solution very demandingand appropriate techniques for the adaptive resolution of regions with
large approximationerrors are crucial. Functional error estimators as presented in the con-
tribution contain no mesh-dependent constantsand provide guaranteed error bounds for any
conforming approximation. To evaluatethe error estimator, a minimisation problem has to be
solved which does not require any Galerkinorthogonality or any specific properties of the em-
ployed approximation space. Based on a setof numerical examples, we assess the performance
of the new estimator. It is observed that itexhibits a good efficiency also with convection-
dominated problem settings.
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10.03.2016 09:10 Stephanie Friedhoff Pockelsstrasse 11/Haus der Wissenschaft, Raum
PK11.3
Multigrid methods with space-time concurrency
Stephanie Friedhoff (Universität zu Köln), Robert D. Falgout (Lawrence Livermore National
Laboratory), Tzanio V. Kolev (Lawrence Livermore National Laboratory), Scott P. MacLach-
lan (Memorial University of Newfoundland), Jacob B. Schroder (Lawrence Livermore Na-
tional Laboratory), Stefan Vandewalle (KU Leuven)
We consider the comparison of multigrid methods for parabolic partial differential equations
that allow space-time concurrency. With current trends in computer architectures leading to-
wards systems with more, but not faster, processors, space-time concurrency is crucial for
speeding up time-integration simulations. In contrast, traditional time-integration techniques
impose serious limitations on parallel performance due to the sequential nature of the time-
stepping approach, allowing spatial concurrency only.
In this talk, we consider the three basic options of multigrid algorithms on space-time grids:
coarsening in space and time, semicoarsening only in the spatial dimensions, and semicoars-
ening only in the temporal dimension. More specifically, we compare space-time multigrid
(STMG) [G. Horton and S. Vandewalle, SIAM J. Sci. Comput. 16 (4), 1995, pp. 848-864],
space-time concurrent multigrid waveform relaxation with cyclic reduction (WRMG-CR) [G.
Horton, S. Vandewalle, and P. Worley, SIAM J. Sci. Comput. 16 (3), 1995, pp. 531-541],
and multigrid-reduction-in-time (MGRIT) [R. D. Falgout, S. Friedhoff, Tz. V. Kolev, S. P.
MacLachlan, J. B. Schroder, SIAM J. Sci. Comput. 36 (6), 2014, pp. C635-C661]. While
many variations on these and other approaches are possible, they represent the most basic
choices for multigrid methods on space-time grids. We discuss advantages and disadvantages
of the different approaches and their benefit compared to traditional space-parallel algorithms
with sequential time stepping on modern architectures.
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10.03.2016 13:30 Friedemann Kemm Pockelsstrasse 11/Haus der Wissenschaft, Raum
PK11.3
The carbuncle phenomenon: where does it occur and how can it be avoided
Friedemann Kemm (Universität Kassel)
In simulation of gas-dynamics and shallow water flows, the carbuncle-phenomenon is an in-
stability not of the scheme but of discretized shock profiles. We provide a discussion of the
nature of the problem and possible cures. Especially, we give an explanation for the fact that
very high order schemes rarely suffer from the carbuncle.
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10.03.2016 14:10 Anna Hundertmark Pockelsstrasse 11/Haus der Wissenschaft, Raum
PK11.3
Numerical simulation of glottal flow
Anna Hundertmark (University of Mainz), Ragnar Lehmann (Johannes-Gutenberg University
Mainz), Marcus M. Hess (University Medical Center Hamburg-Eppendorf), Frank Müller
(University Medical Center Hamburg-Eppendorf)
We numericaly study the air flow in a human larynx using the compressible Navier-Stokes
fluid model. Our aim is to find an optimized larynx geometry in terms of easiness for breath-
ing after the surgical change of larynx, see [1]. Clinical experience shows that the shape of
the larynx have a significant influence on the degree of airflow and breathing pattern, which
plays a role in breathing difficulties by immobility of vocal folds.The aerodynamics of inspi-
ration and expiration using the (weakly) compressible Navier-Stokes equations for barotropic,
adiabatic flow has been studied in the simplified 2D coronal cut of the larynx. The Dirichlet
boundary conditions at the inlet (derived from the measured volume flow rate), the Neumann-
type conditions at the outlet and the no-slip boundary conditions at the wall have been used.
Although a unique optimal geometry for both inspiration and expiration has not been found,
our study shows that the quality of inspiration can be improved, comparing to the reference
geometry. The airflow resistance can be decreased considerably by reducing the distance of
the false vocal folds, hereby the optimal expiration quality stays almost preserved. A geome-
try setup was found in this study balancing best the resistance and airflow for inspiration and
expiration.
References
[1] Hundertmark-Zaušková A., Lehmann R., Hess M., Müller F., Numerical simulation of
glottal flow, Computersin Biology and Medicine, 43 (12), 2013, p. 2177–2185.
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10.03.2016 14:30 Veronika Straub Pockelsstrasse 11/Haus der Wissenschaft, Raum
PK11.3
Efficient Time Integration of IMEX Type using Exponential Integrators for Compress-
ible, Viscous Flow Simulation
Veronika Straub (University of Kassel), Sigrun Ortleb (University of Kassel), Philipp Birken
(Lund University), Andreas Meister (University of Kassel)
We deal with the development of efficient time integration schemes for large and stiff sys-
tems of ordinary differential equations, which result from the spatial discretization of PDEs
such as the Navier-Stokes equations. Applications on real problems such as the simulation
of viscous flow around complex geometries yield meshes with a huge number of grid ele-
ments of drastically varying sizes. A spatial discretization leads to large, stiff systems of
ODEs. Here, explicit schemes suffer from the strict time step size restriction arising from
the Courant-Friedrichs-Lewy constraint due to the small grid elements, and implicit schemes
have to struggle with the large systems and the memory limitation, which additionally makes
intelligent preconditioning other than Jacobi unfeasible.
We investigate the adaption of the recently developed exponential integrators called EPIRK
[2] in the so-called domain-based implicit-explicit (IMEX) setting, which was suggested by
Kanevsky and Carpenter in [1]. Despite the need of approximating the matrix exponential and
functions of it, the schemes turned out to be efficient and competitive with standard schemes
like BDF or Rosenbrock for sufficiently stiff systems.
First, we analyze some additional, relevant properties of the EPIRK schemes such as conser-
vativity, L- and CFL-stability as well as the stability in practice. Next, we couple explicit
Runge-Kutta schemes for the explicit region with the EPIRK schemes for the implicit region
and investigate the convergence order, the stability on the explicit region and the conserva-
tivity of those IMEX-EPIRK schemes. It turns out that only first order of convergence can
be achieved by that coupling. As an outlook to our current research we introduce an IMEX-
scheme consisting of purely exponential integrators based on the splitEPIRK schemes in [3],
whose convergence order is not limited.
References
[1] A. Kanevsky, M. H. Carpenter, D. Gottlieb, and J. S. Hesthaven, Application of implicit-
explicit high order Runge-Kutta methods to discontinuous-Galerkin schemes, J. Comp.
Phys. 225 (2007), 1753–1781.
[2] M. Tokman, A new class of exponential propagation iterative methods of Runge–Kutta
type (EPIRK), J. Comput. Phys. 230 (2011), 8762–8778.
[3] G. Rainwater and M. Tokman, A new class of split exponential propagation iterative
methods of Runge-Kutta type (sEPIRK) for semilinear systems of ODEs, J. Comput.
Phys. 269 (2014), 40–60.
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10.03.2016 14:50 Sigrun Ortleb Pockelsstrasse 11/Haus der Wissenschaft, Raum PK11.3
Kinetic energy preserving DG schemes based on summation-by-parts operators on in-
terior node distributions
Sigrun Ortleb (Universität Kassel)
In the context of numerical methods for conservation laws, regarding specific applications,
not only the preservation of the primary conserved quantities can be of interest, but also the
balance of secondary ones such as entropy or kinetic energy in case of the Euler equations
of gas dynamics. For example considering the simulation of turbulent flows, an accurate
simulation of the kinetic energy should be aimed at, see e.g. [1, 2, 3]. Similar construction
principles can be found in the context of shallow water flows, for example conservation of
total energy in addition to mass and momentum [4].
For finite volume methods applied to compressible flow, specifically designed numerical fluxes
may guarantee either preservation of entropy or kinetic energy, see [5]. However, for higher
order schemes such as the discontinuous Galerkin (DG) method, the mere modification of the
numerical flux function is not sufficient. One strategy in order to guarantee the balance of sec-
ondary quantities is to start with a split form, e.g. a skew-symmetric form, of the conservation
law instead of the divergence form, yielding the desired balance of secondary quantities, and
to apply a so-called summation-by-parts (SBP) operator to additionally obtain conservation of
the primary quantities. The SBP property thereby mimics integration by parts.
Closely linked to the framework of SBP finite difference schemes, in [6], a kinetic energy pre-
serving discontinuous Galerkin scheme with Gauss-Lobatto nodes has been constructed based
on a skew-symmetric formulation of the Euler equations given in [2]. This construction rested
upon the classical SBP property of the Gauss-Lobatto DG scheme. However, the generalized
SBP property as in [7] is not restricted to this nodal set. Since quadrature rules based on the
Gauss-Legendre nodes provide an approximation of higher order in comparison to an equal
number of Gauss-Lobatto nodes, a lower error of the corresponding DG approximation may
be expected. Hence, the question is evident if a kinetic energy preserving DG scheme can also
be based on the more accurate Gauss-Legendre nodes and other interior node distributions e.g
for simlex meshes.
In this talk, a kinetic energy preserving DG scheme using Gauss-Legendre nodes is presented.
While Gauss-Legendre nodes lead to a diagonal mass matrix and hence a diagonal norm SBP
operator as in the case of Gauss-Lobatto nodes, different from [6], the interface operator is not
diagonal as interval boundaries of a grid cell are not included in the interior nodal set. Hence,
the skew-symmetric terms designed for Gauss-Lobatto nodes can not be used in combination
with a Gauss-Legendre point distribution. In fact, stability problems will be demonstrated
when using wrong skew-symmetric terms that disagree with exclusively interior nodal sets.
In addition, higher accuracy of the skew-symmetric DG scheme using Gauss-Legendre nodes
will be experimentally shown for viscous compressible flow. Furthermore, we consider an
extension of the proposed approach to kinetic energy preserving DG schemes on triangular
grids.
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10.03.2016 15:10 Olaf Hasemann Pockelsstrasse 11/Haus der Wissenschaft, Raum PK11.3
VINtunnel: an interactive flow solver using GPU and real time visualization
Thuong Nguyen (University of Duisburg Essen), Olaf Hasemann (University of Duisburg Es-
sen), Jens Krüger (University of Duisburg Essen), Thomas Fogal (University of Duisburg
Essen), Raphael Münster (Technical University of Dortmund), Stefan Turek (Technical Uni-
versity of Dortmund), Andreas Kempf (University of Duisburg Essen)
A virtual interactive numerical wind tunnel (VINtunnel) is presented, which allows fast sim-
ulations with human interaction. Based on the LES in-housecode PsiPhi [1, 2], a CFD solver
using graphic processing unit (GPU) acceleration was developed.
Fast ‘real time’ performance of the virtual wind tunnel is the main aim of the work, in which
the aerodynamics of any 3D geometry can be tested quickly and the simulation results are
provided immediately via real time visualization. During the simulation, the users can di-
rectly interact to change different parameters such as the inlet flow velocity, the fluid viscos-
ity, angle of attack, or geometry. User-interactions via portable devices are included using
Virtual-Reality Peripheral Network (VRPN) [3]. One can easily control and interact with the
geometries inside the numerical wind tunnel during the simulation. Moving, rotating, or drag-
ging the immersed objects can be performed easily and conveniently by pressing buttons or
rotating the analogue sticks of the portable device. Changing plane of view, slices of view,
physical quantity to display, or different color schemes for the visualization are supported and
controlled via button-pressed events. Feedback from flow field due to user interactions can be
observed instantly via in-situ visualization [4]. One should note that the principal aim is not
(yet) the accurate prediction of lift or drag coefficients, but rather the evolution of unsteady
large-scale phenomena like the interaction of objects with waves, the propagation of acoustic
waves, or the shedding of vortices.
In our GPU solver, the compressible Favre-filtered governing equations for density, momen-
tum, passive tracer and energy are solved on a 3D structured Cartesian grid using the finite
volume method (FVM). Spatial discretization is achieved by a 2nd-order central-difference
scheme (CDS) for the momentum equations and a total variation diminishing scheme (TVD)
for density, energy and other scalars. A 3rd-order Runge-Kutta scheme is used for time inte-
gration. The sub-grid scale stresses are computed by the Smagorinsky model [5]. To handle
the moving immersed objects, 3D geometries are represented as a cloud of Lagrangian parti-
cles using the technique proposed by Nguyen et al. [6]. This particle form allows the process
of moving boundary to be handled fast and efficiently on the GPU.
References
[1] Kempf, A., Geurts, B., and Oefelein, J. Error analysis of large-eddy simulation of the
turbulent non-premixed sydney bluff-body flame. Combust. Flame, 158(12):2408–2419,
2011.
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10.03.2016 17:00 Oliver Ernst Pockelsstrasse 11/Haus der Wissenschaft, Raum PK11.3
Computational Methods for Bayesian Inversion in Infinite Dimensions
Oliver Ernst (TU Chemnitz)
The Bayesian formulation of inverse problems, particularly parameter identification problems
for PDEs, has received increased attention from the Uncertainty Quantification community.
Besides offering a natural framework for mathematically expressing the degree of uncertainty
to which a model parameter to be estimated is known both before and after observations have
been made, as well as incorporating stochastic observational noise models, the Bayesian for-
mulation is well-posed under natural assumptions and has extensions to infinite-dimesional
parameter spaces. We present efficient numerical methods for sampling from the posterior
distribution, a probability measure on a typically infinite-dimensional parameter space, which
represents the solution of a Bayesian inverse problem. These methods are based on Markov
chain Monte Carlo sampling using a refinement of the recent preconditioned Crank-Nicolson
proposal scheme. To achieve efficiency, is is crucial that the sampling algorithms be robust
with respect to the discretization of the parameter space as well as the noise variance. We
illustrate the performance of the method for an application in groundwater flow.
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10.03.2016 17:40 Mylena Mordhorst Pockelsstrasse 11/Haus der Wissenschaft, Raum
PK11.3
Model order reduction of dynamic skeletal muscle models
Mylena Mordhorst (University of Stuttgart), Daniel Wirtz (University of Stuttgart), Oliver
Röhrle (University of Stuttgart)
Forward-dynamics simulations of three-dimensional continuum-mechanical skeletal muscle
models are a complex and computationally expensive problem. The governing equations yield
a nonlinear second-order differential algebraic equation (DAE), which represents a challenge
to model order reduction techniques.
In detail, the governing equations describe the motion and deformation of a continuous muscle,
whose shape corresponds to the reference domainΩ0⊂R3, over time by means of the balance
of momentum, which is subject to the incompressibility constraint
ρ0(X)
∂v
∂ t
(X , t) = ∇ ·P(X , t)+B(X , t) , s.t. J(X , t)−1 = 0 , ∀X ∈Ω0 , (1)
and a nonlinear constitutive equation of the form
P(X , t) = Piso(X , t)+Paniso(X , t)+Pactive(X , t)+Pviscous(X , t)+ p(X , t)F−T (X , t) . (2)
Therein, ρ0 is the muscle density, v is the velocity field, P is the first Piola-Kirchhoff stress ten-
sor, B denotes the body forces, J := detF is the Jacobian or volume ratio, F is the deformation
gradient and p is the hydrostatic pressure.
Introducing a parameter µ ∈P ⊂ Rp, which comprises any property of the muscle model
that shall be varied, and using the finite element method to discretise Equation (1), leads to the
following parametric nonlinear dynamical system
Mu′′(t,µ)+D(µ)u′(t,µ)+K(u(t,µ),w(t,µ),µ) = 0 ,
s.t. g(u(t,µ)) = 0 .
(3)
Herein, u is the vector of position coefficients, w contains the pressure coefficients, M, D and
K are the mass, viscous damping and generalised stiffness matrix, respectively, and g is the
operator associated with the incompressibility constraint.
To decrease the computational effort of solving this system, projection based model order
reduction techniques are applied, where the reduced basis is obtained by means of a proper
orthogonal decomposition (POD) on precomputed training data.The approach of first project-
ing the second-order system and subsequently transforming the reduced second-order system
into a first-order system for the solution process has shown to produce a stable and accurate
reduced model. Furthermore, the online evaluation of the projected nonlinear operator needs
to be accelerated. Approaches that have been investigated so far include the discrete empir-
ical interpolation method (DEIM) and the energy conserving sampling and weighting hyper
reduction method (ECSW). Here, we will show current results and discuss open questions.
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10.03.2016 18:00 Ulrike Baur Pockelsstrasse 11/Haus der Wissenschaft, Raum PK11.3
Interpolatory Techniques for Model Reduction of Quadratic Bilinear Systems
Mian Ilyas Ahmad (), Ulrike Baur (Max Planck Institute for Dynamics of Complex Technical
Systems), Peter Benner (Max Planck Institute for Dynamics of Complex Technical Systems)
The input-output representation of quadratic bilinear systems in frequency domain involves
multivariate generalized transfer functions, each representing a subsystem of the original sys-
tem. Existing interpolatory techniques [1, 2] for model reduction of these nonlinear systems
interpolate the first K generalized transfer functions individually, at a fixed set of interpolation
points. It is assumed that the same set of interpolation points can be used for the multiple
frequency variables in the generalized transfer functions.
In our work, we relax this restriction and observe that interpolating the sum of generalized
transfer functions produces accurate and small reduced-order systems. The main advantage
over existing techniques is here a constant, reduced order which is independent of the number
of generalized transfer functions involved in the interpolation.
References
[1] C. Gu. QLMOR: a projection-based nonlinear model order reduction approach using
quadratic-linear representation of nonlinear systems. IEEE Transactions on Computer-
Aided Design of Integrated Circuits and Systems. 30-9 (2011), 1307–1320.
[2] P. Benner and T. Breiten. Two-sided projection methods for nonlinear model order reduc-
tion. SIAM J. Sci. Comput., 37-2 (2015), B239–B260.
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10.03.2016 18:20 Sebastian Reicherts Pockelsstrasse 11/Haus der Wissenschaft, Raum
PK11.3
Sensitivity Analysis of the Design Parameters for the Calibration of Cable-driven Par-
allel Robots
Sebastian Reicherts (University Duisburg-Essen), Sebastian Blume (University Duisburg-
Essen), Christopher Reichert (University Duisburg-Essen), Dieter Schramm (University
Duisburg-Essen)
1 Introduction
The end-effector (EE) of a cable-driven parallel robot (CDPR) is moved along a predefined
path by a system of flexible cables in a parallel configuration which are conventionally wound
up by winch drives attached to the base. Each actuated cable is guided by a set of pulleys into
the workspace of the robot. Considering the unilateral properties of the cables - cables can only
pull, but never push - a desired tension level in the cable system must be guaranteed. For that
purpose it is highly recommended to know exactly the kinematic parameters of the underlying
CDPR. Otherwise antagonistic control forces appear degenerating the force capabilities of a
CDPR and finally results in that the EE becomes unstable [1]. In the same way, the solution of
the forward kinematics to compute the EE pose, used as the input for the position controller,
depends further on the accuracy of the kinematic parameters. This variety of reasons makes a
kinematic calibration inevitable.
2 Calibration Method
The aim of the kinematic calibration method is to find the optimal parameter set by minimiz-
ing a cost function defined by the errors between the measured pose and the estimated pose
of the EE coming from the forward kinematic solution. The forward kinematics is defined by
an overdetermined system of equations and is solved by a Levenberg-Marquardt-Fletcher al-
gorithm [2]. Finding the optimal parameter set a particle swarm optimization algorithm [3] is
used to minimize the defined cost function. To increase the quality of the kinematic calibration
different poses distributed over the entire workspace are measured.
3 Experimental Design
For most optimization problems the amount of degrees of freedom and the efficiency of the op-
timization algorithm are counterparts. The optimization performance can be greatly enhanced
by reducing the amount of parameters or by utilizing system knowledge for the optimization
task. One opportunity to collect the required information is to perform a sensitivity analysis
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10.03.2016 18:40 Arne Nägel Pockelsstrasse 11/Haus der Wissenschaft, Raum PK11.3
Fast Solvers for Coupled PDE problems with Applications in Porous Media Science
Arne Nägel (University of Frankfurt)
Many problems in porous media science and geophysics comprise interactions of processes,
and are typically formulated as a system of coupled PDEs. In most cases these systems are
transient and often also non-linear. Developing efficient solvers is a delicate task, since one
needs to must combine suitable schemes for (i) time integration, (ii) linearization, and (iii)
(geometric and/or algebraic) multilevel solvers, finally being employed in a (iv) parallel com-
puting environment. In this presentation, we take an application oriented approach, and focus
on the problem classes of poroelasticity problems and density-driven-flow. For these two ex-
amples, we outline a common solution strategy, and provide numerical results.
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08.03.2016 17:00 Andras Batkai Altgebäude (Pockelsstrasse), Raum PK4.4
Product formulas for non-autonomous evolution equations
Andras Batkai (Bergische Universität Wuppertal)
Old and new product formulas for evolution equations will be surveyed. Applications to
numerical analysis and operator theoretic properties of the evolution equation will be also
given.
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08.03.2016 17:20 Hendrik Vogt Altgebäude (Pockelsstrasse), Raum PK4.4
L_p-contractivity via invariance of closed convex sets for non-autonomous evolution
equations
Hendrik Vogt (Universität Bremen)
It is well-known that a uniformly parabolic equation of the form
ut = ∇· (a(t,x)∇u)
with real coefficients is associated with a strongly continuous propagator that is Lp-contractive
for every p ∈ [1,∞]. The situation becomes more complicated if one allows complex coeffi-
cients and/or lower order terms: then, Lp-contractivity is more difficult to establish, and in
general it is valid only for a certain range of p’s.
In the case of autonomous equations with real coefficients, a remarkable new criterion for Lp-
contractivity was found by R. Nittka a few years ago. I will present a simple new proof of this
criterion, and I will show how to apply it to general second-order non-autonomous equations
with complex coefficients.
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11.03.2016 09:10 Martin Grepl Altgebäude (Schleinitzstrasse), Raum SN19.2
A certified trust-region reduced basis approach to PDE-constrained optimization
Elizabeth Qian (), Martin Grepl (RWTH Aachen), Karen Veroy (), Karen Willcox ()
Parameter optimization problems constrained by partial differential equations (PDEs) appear
in many applications in science and engineering. The PDE usually describes the underlying
system or component behavior, while the parameters serve to identify a particular configu-
ration of the component — such as boundary and initial conditions, material properties, and
geometry. Especially in applications involving many parameters, solving these optimization
problems may require a prohibitively large number of computationally expensive PDE solves
if classical discretization techniques such as finite elements (FE) or finite volumes (FV) are
used. One way to decrease the computational burden is the surrogate model approach, where
the original high-dimensional FE or FV model is replaced by its reduced order approxima-
tion.
Numerous model reduction approaches exist in the literature and have been successfully used
in PDE constrained optimization and optimal control. In our work we build on the reduced
basis (RB) method, a model reduction method that allows efficient and reliable reduced or-
der approximations for a large class of parametrized PDEs. There are currently two main
approaches on how to employ the RB method as a surrogate model in PDE-constrained op-
timization. In the first approach, the RB model is generated during the offline phase for a
certain admissible parameter space. The optimization problem can then be solved efficiently
using the online phase. However, this approach might incur an unnecessary computational
cost since the RB model is generated for the whole admissible parameter set without a priori
knowledge of the optimal solution. In the second approach, the reduced order model is used
within a trust region or sequential quadratic programming (SQP) framework and built on the
fly, i.e., high-order and reduced-order solves intertwine. We note that there are several con-
tributions on the use of approximate models in a trust region framework, see e.g. the works
by Carter, Alexandrov et al., and Arian et al. However, due to a lack of a posteriori error
control of the reduced order models used, these approaches may still require many solutions
of the high-dimensional problem to guarantee convergence to the optimal solution, thus again
reducing the overall computational efficiency.
In this talk, we focus on the second approach and employed the RB method within a trust re-
gion framework. We first extend existing a posteriori error bounds for RB approximations and
derive a posteriori error bounds for the cost functional and its gradient. We then incorporated
these bounds into the trust region framework, which allows us to guarantee convergence of the
trust region reduced basis approach solely based on the error bounds. To this end, we use a re-
cent result from Yue and Meerbergen replacing the standard by relaxed first-order conditions.
The proposed method thus requires only a minimal number of high-order FE solves, mainly
to update the RB model if the approximation is no longer sufficiently accurate. We consider
problems governed by elliptic and parabolic PDEs with linear and quadratic cost and present
preliminary numerical results for a thermal fin model problem with up to six parameters.
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08.03.2016 18:00 Jochen Schmid Altgebäude (Pockelsstrasse), Raum PK4.4
Some new results on non-autonomous linear evolution equations
Jochen Schmid (University of Stuttgart)
In the first part of the talk, I will present simple new counterexamples to well-posedness and
discuss some simplifications and generalizations of classical well-posedness theorems. In the
second part of the talk, I will present a well-posedness theorem – furnished with mild stability
and regularity conditions – for linear operators A(t) : D(A(t))⊂ X→ X whose (first or higher)
commutators are complex scalars. Applications include Segal field operators and Schrödinger
operators for time-dependent electric fields. See http://link.springer.com/article/10.1007and
http://link.springer.com/article/10.1007/s00028-015-0291-5
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08.03.2016 18:20 Felix Schwenninger Altgebäude (Pockelsstrasse), Raum PK4.4
Recent Zero-Two-Laws for cosine families
Felix Schwenninger (Bergische Universität Wuppertal)
Recently, results of the form
sup
t∈R
‖C(t)− I‖< 2 =⇒ C(t) = I ∀t ∈ R, (1)
where (C(t))t∈R denotes an abstract cosine family, were obtained in [1,2,3,4]. In analogy to
classical results for semigroups, such implications are known as zero-two-laws. In this talk,
we give an overview on these recent developments and also show that the supremum in (1)
can be replaced by the limes superior for t→ ∞.
This is joint work with Hans Zwart.
[1] W. Chojnacki,Around Schwenninger and Zwart’s zero-two law for cosine families, submitted,
2015.
[2] J. Esterle,A short proof of the zero-two law for cosine families, Arch. Math., 105(4):381–387,
2015.
[3] J. Esterle,Bounded cosine functions close to continuous scalar bounded cosine functions,Int. Eq. and
Op. Th., to appear, arXiv:1502.00150, 2015.
[4] F.L. Schwenninger and H. Zwart,Zero-two law for cosine families,J. Evol. Equ., 15(3):559–569,
2015.
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08.03.2016 18:40 Jens Wintermayr Altgebäude (Pockelsstrasse), Raum PK4.4
Perturbation Theory for Positive Operators
Jens Wintermayr (Bergische Universität Wuppertal)
We define a positive cone on the extrapolation space X−1 for positive semigroups, where X is
a Banach lattice. With this definition we give results on Desch-Schappacher perturbations for
positive operators in AM-spaces and reflexive Banach lattices.
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09.03.2016 14:30 Ole Christensen Altgebäude (Pockelsstrasse), Raum PK4.4
Frames and Operator Theory
Ole Christensen (DTU)
A frame in a Hilbert space leads to a decomposition of the elements in the Hilbert space in a
similar way as orthonormal bases, but with significantly more flexibility. In particular, a frame
can be a redundant collection of vectors. The theory of frames is well-established within
harmonic analysis, but less known within the community for general functional analysis. The
purpose of the talk is to present frames from the operator theoretical angle and discuss selected
open and challenging problems.
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09.03.2016 14:50 Johannes Brasche Altgebäude (Pockelsstrasse), Raum PK4.4
On point interactions with a reservoir
Johannes Brasche (TU Clausthal)
Let A and T be a symmetric operator and a self-adjoint operator in the Hilbert spaceH and
T , respectively. Let
S= A⊗ IT + IH ⊗T.
We construct self-adjoint extensions S˜ of S which cannot be represented as
S˜= A˜⊗ IT + IH ⊗T
This is joint work with A.Boitsev, H.Neidhardt and I.Popov; the work is supported by the DFG
(BR1686-3).
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09.03.2016 15:10 Marcus Waurick Altgebäude (Pockelsstrasse), Raum PK4.4
G-convergence and the weak operator topology
Marcus Waurick (University of Bath)
We show that a sequence (An)n of symmetric d× d-matrices is G-convergent if and only if
((piAnpi∗)−1)n converges in the weak operator topology. Here pi : L2(Ω)d→ R(grad0) denotes
the (orthogonal) projection onto the range of the weak gradient grad0 defined on H
1
0 (Ω), Ω⊆
Rd open and bounded.
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09.03.2016 16:00 Hans Zwart Altgebäude (Pockelsstrasse), Raum PK4.4
Stability of semi-linear abstract differential equations
Hans Zwart (University of Twente)
We consider the semi-linear abstract differential equation
x˙(t) = Ax(t)+B f (B∗(x(t)), x(0) = x0
on the Hilbert space X . We assume that A generates a contraction semigroup on X and f is
a locally Lipschitz continuous mapping from U to U , where U is another Hilbert space. We
show that if A has compact resolvent, the system (A,B) is input stable, and 〈 f (u),u〉 ≤ 0 for all
u ∈U , then the solution of the above equation converges to the largest invariant set contained
in {x0 ∈ X | ‖x(t)‖= ‖x0‖}
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09.03.2016 16:20 Björn Augner Altgebäude (Pockelsstrasse), Raum PK4.4
Boundary Feedback Stabilisation of a Class of First-Order Hyperbolic Partial Differ-
ential Equations
Björn Augner (University of Wuppertal)
In this talk we consider the following class of linear first-order hyperbolic partial differential
equations.
∂
∂ t
x(t,ζ ) =
N
∑
k=0
Pk
∂ k
∂ζ k
(H (ζ )x(t,ζ )) =: (Ax(t))ζ ), t ≥ 0, ζ ∈ (0,1).
Here we assume that x(t) := x(t, ·) ∈ L2(0,1;Kd) is a Kd-valued function, K = R or C, and
H : [0,1]→ Kd×d is coercive as multiplication operator on L2(0,1;Kd).The matrices Pk =
(−1)k+1Pk ∈ Kd×d (k = 0,1, . . . ,N) with PN invertible are chosen in such a way that for the
inner product 〈·, ·〉X := 〈·,H 〉L2 the energy balance equation
Re〈Ax,x〉H = Re〈 f∂ ,H x,e∂ ,H x〉KNd , x ∈ D(A)
holds, where D(A) := {x :H x ∈ HN(0,1;Kd)} and f∂ ,H x and e∂ ,H x only depend on the
values ofH x and its derivatives at the boundary {0,1}.Particular examples of these systems
are the one-dimensional wave equation, the Timoshenko beam equation, the Euler-Bernoulli
beam equation or the one-dimensional Schrödinger equation.Defining the boundary input map
B and the boundary output map C as linear combinations of f∂ ,H x and e∂ ,H x such that the
port-Hamiltonian system S= (A,B,C) is impedance passive, i.e.
Re〈Ax,x〉H = Re〈Bx,Cx〉KNd , x ∈ D(A)
we investigate the following questions.
1. Given a feedback matrix K ∈KNd×Nd , does the operator A resulting from restriction of
A to ker(B+KC) generate a (contractive) C0-semigroup (T (t))t≥0?
2. If A generates a contractive C0-semigroup, are there conditions under which the C0-
semigroup (T (t))t≥0 is asymptotically or even exponentially stable, respectively?
3. Does the same hold if we replace the static feedback K ∈ KNd×Nd by interconnection
with a linear control system which itself is impedance passive and has suitable stability
properties?
4. Can the previous results be lifted from the linear case to the case of nonlinear boundary
feedback where K ∈ KNd×Nd is replaced by a nonlinear m-monotone map φ : KNd ⇒
KNd or the dynamic linear controller is replaced by a nonlinear control system?
We give some positive results and comment on open problems.
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09.03.2016 16:40 Birgit Jacob Altgebäude (Pockelsstrasse), Raum PK4.4
Wellposedness of Hyperbolic Partial Differential Equations on the Semiaxis
Birgit Jacob (bjacob@uni-wuppertal.de)
Hyperbolic partial differential equations on the semiaxis are studied. This class of systems
includes models of beams and waves as well as the transport equation and networks of non-
homogeneous transmission lines on the semiaxes. The main result of this talk is a simple test
forC0-semigroup generation in terms of the boundary conditions at the point zero. The results
are illustrated with several examples.
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09.03.2016 17:00 Rainer Picard Altgebäude (Pockelsstrasse), Raum PK4.4
On the Inhomogeneous Timoshenko Beam with Boundary Damping.
Rainer Picard (TU Dresden)
The homogeneous Timoshenko beam model is given by a second order system of the form
ν1∂ 20 φ −∂1κ−11 ∂1φ +κ−12 (∂1u+φ) = f1.
ν2∂ 20 u−∂1κ−12 (∂1u+φ)+d∂0u = f2,
Here u denotes the vertical displacement of the beam and φ its rotational displacement. The
real parameters ν1,κ1,ν2,κ2,d , describe physical and geometrical properties of the beam.
We consider this system in the framework of evolution equations in the case of damping via
boundary conditions and for variable material properties. The well-posedness result obtained
summarizes joint work with Bruce Watson (U of Witwatersrand).
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09.03.2016 17:20 Sascha Trostorff Altgebäude (Pockelsstrasse), Raum PK4.4
A class of block-operator matrices in system theory
Sascha Trostorff (TU Dresden)
A class of block-operator matrices, which typically arises in the study of boundary control
problems, is considered. It is shown that these operators can be characterized by a suitable
relation on the associated boundary data spaces.
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09.03.2016 17:40 Christian Wyss Altgebäude (Pockelsstrasse), Raum PK4.4
Dichotomy properties of Hamiltonians for linear systems in extrapolation spaces
Christian Wyss (Bergische Universität Wuppertal)
In systems theory, the problem of linear quadratic optimal control is studied for linear systems
of the form
x′ = Ax+Bu, y=Cx,
where A is the generator of a strongly continuous semigroup on a Hilbert space H, and B
and C are the control and observation operators. To solve the optimal control problem, one is
interested in finding nonnegative selfadjoint solutions X of the algebraic Riccati equation
A∗X+XA−XBB∗X+C∗C = 0,
which in turn is closely related to the so-called Hamiltonian operator matrix
T =
(
A −BB∗
−C∗C −A∗
)
.
Its invariant graph subspaces are in one-to-one correspondence with solutions of the Riccati
equation.
A large class of examples is given by PDE systems where A is a partial differential operator
on some domain Ω, and control and observation are taken on the boundary of Ω. In this case
BB∗ and C∗C map out of the state space H into certain extrapolation spaces.
We show that under appropriate assumptions on A, B and C the Hamiltonian T can be consid-
ered as an operator on H×H, the imaginary axis belongs to the resolvent set of T , and there
exist invariant subspaces corresponding to the spectrum of T in the right and left half-plane.
If the corresponding spectral projections are bounded, then T is dichotomous, but the case
of unbounded projections is possible here too. The proof is based on abstract existence the-
orems for (possibly unbounded) spectral projections and a result on perturbations involving
extrapolation spaces.
We then use two Krein space symmetries of T to show that the two invariant subspaces are
graphs of a nonnegative and a nonpositive operator, respectively, which are thus solutions of
the Riccati equation.
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10.03.2016 08:30 Michael Demuth Altgebäude (Pockelsstrasse), Raum PK4.4
Estimates for the numbers of eigenvalues for linear operators in Banach spaces
Michael Demuth (TU Clausthal)
A linear operator L in an Banach space is perturbed by a compact operator K. we give estimates
for the number of eigenvalues of L+K in special reigions of the complex plane.
1747

10.03.2016 08:50 Hannes Gernandt Altgebäude (Pockelsstrasse), Raum PK4.4
Eigenvalue placement for regular matrix pencils with rank one perturbations
Hannes Gernandt (TU Ilmenau)
For a given regular matrix pencil, we discuss which sets of eigenvalues and multiplicities
can be obtained under a single rank one perturbation. The results are then applied to a pole
placement problem for electrical circuits under a class of structured rank one perturbations.
This talk is based on joint work with Carsten Trunk.
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10.03.2016 09:10 Carsten Trunk Altgebäude (Pockelsstrasse), Raum PK4.4
Numerical and quadratic numerical range of operator matrices arising in hydrome-
chanics
Birgit Jacob (U Wuppertal), Christiane Tretter (U Bern), Carsten Trunk (Ilmenau)
We prove new enclosures for the spectrum of non-selfadjoint operator matrices associated with
second order linear differential equations
z¨(t)+Dz˙(t)+A0z(t) = 0
in a Hilbert space. Our main tool is the quadratic numerical range for which we establish
the spectral inclusion property under weak assumptions on the operators involved; in par-
ticular, the damping operator only needs to be accretive and may have the same strength as
A0. By means of the quadratic numerical range, we establish tight spectral estimates in terms
of the unbounded operator coefficients A0 and D which improve earlier results for sectorial
and selfadjoint D. An application to small transverse oscillations of a horizontal pipe carrying
a steady-state flow of an ideal incompressible fluid illustrates that our new bounds are explicit.
This talk is based on a joint work with Christiane Tretter (Bern, Switzerland) and Birgit Jacob
(Wuppertal, Germany).
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10.03.2016 13:30 Manfred Möller Altgebäude (Pockelsstrasse), Raum PK4.4
A direct and inverse Robin-Regge problem
Manfred Möller (University of the Witwatersrand)
For many partial differential equations occurring in applications, separation of variables leads
to an ordinary differential equation which depends quadratically on the eigenvalue parameter
λ , and the boundary conditions are independent of λ or depend linearly on λ . Such problems
can be represented by operator polynomials
L(λ ) = λ 2M− iλK−A,
where we assume that M, K, A are self-adjoint operators and that the spectrum of L only
consists of eigenvalues of finite multiplicity. Additional properties of M, K, A then give infor-
mation on the location and asymptotics of the eigenvalues, using standard operator theoretic
methods. A comprehensive account of spectral properties of such operator pencils is given in
[1].
In this talk we will consider the following boundary value problem:
−y′′+q(x)y= λ 2y, x ∈ [0,a],
y′(0)−δy(0) = 0,
y′(a)+(iαλ +β )y(a) = 0.
The first boundary condition is of Robin type, whereas the second boundary condition is of
Regge type. Hence this problem is called a Robin-Regge problem.
We will consider direct and inverse problems: finding the spectra of Robin-Regge problems
and finding the parameters of Robin-Regge problems from given spectra.
References
[1] M. Möller, V. Pivovarchik, Spectral Theory of Operator Pencils, Hermite-Biehler Func-
tions, and their Applications, Operator Theory: Advances and Applications 246. Cham:
Birkhä user/Springer 2015.
[2] M. Möller, V. Pivovarchik, Functional equations related to sine type functions, submit-
ted
[3] M. Möller, V. Pivovarchik, The direct and inverse Robin-Regge problem, in preparation.
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10.03.2016 13:50 Delio Mugnolo Altgebäude (Pockelsstrasse), Raum PK4.4
On the spectral gap of a quantum graph
Delio Mugnolo (FernUniversität Hagen)
We find bounds of “isoperimetric” or “isodiametric” type on the spectral gap of the Laplacian
on a metric graph in terms of total length, diameter, number of vertices and number of edges.
We investigate which combinations of parameters are necessary to obtain non-trivial upper
and lower bounds and obtain a number of sharp estimates in terms of these parameters, by
developing a Sturm-Liouville-type theory for quantum graphs. As a special case of our results,
we deduce estimates for the normalised Laplacian matrix on combinatorial graphs which,
surprisingly, are sometimes sharper than the ones obtained by purely combinatorial methods
in the graph theoretical literature.
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10.03.2016 14:10 Philipp Schmitz Altgebäude (Pockelsstrasse), Raum PK4.4
Bounds on the non-real spectrum of indefinite Sturm-Liouville operators
Jussi Behrndt (TU Graz), Philipp Schmitz (TU Ilmenau), Carsten Trunk (TU Ilmenau)
We discuss spectral properties for Sturm-Liouville operators related to a differential expres-
sion
1
r
(− d
dx
p
d
dx
+q).
Here we consider indefinite weight functions r. For the singular case we introduce bounds
on non-real eigenvalues under certain conditions on the functions r, 1p and q. These bounds
depend mainly on the L1-norm of the potential function q. This talk is based in a joint work
with Jussi Behrndt (TU Graz, Austria) und Carsten Trunk (TU Ilmenau, Germany).
1757

10.03.2016 14:30 Florian Büttner Altgebäude (Pockelsstrasse), Raum PK4.4
Limit-point / limit-circle classification of second-order differential operators and
mathcal{PT} quantum mechanics
Florian Büttner (TU Ilmenau), Carsten Trunk (TU Ilmenau), Tomas Ya. Azizov ()
We consider a second-order differential equation−y′′+q(x)y(x)= λy(x)with complex-valued
potential q and eigenvalue parameter λ ∈ C. In PT quantum mechanics the potential q is
given by q(x) = −(ix)N on a contour Γ ⊂ C. Via a suitable parametrization we obtain two
differential equations on [0,∞) and (−∞,0]. We give a whole limit-point/ limit-circle clas-
sification of this problem with the help of asymptotic analysis (WKB). Moreover we obtain
enclosures for the spectrum of the semi-axis operators.
This talk is based on a joint work with Tomas Ya. Azizov (Voronezh, Russia) and Carsten
Trunk (Ilmenau, Germany).
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10.03.2016 14:50 Alexander Sakhnovich Altgebäude (Pockelsstrasse), Raum PK4.4
Stable procedures of solving inverse problems of Weyl theory
Alexander Sakhnovich (Vienna University of Technology)
Procedures of solving inverse spectral problems are usually nonlinear and unstable. Neverthe-
less, the cases of stability exist and are essential for applications but the problem is studied
quite insufficiently. Using stability results for Riccati equations, we prove stability for several
of our procedures for explicit solving of inverse problems. The research was supported by the
Austrian Science Fund (FWF) under Grant No. P24301.
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10.03.2016 15:10 Fatma Hıra Altgebäude (Pockelsstrasse), Raum PK4.4
A Boundary Value Transmission Problem with Moving Discontinuity Points
Fatma Hıra (Hitit University)
In this paper, we present a new discontinuous Sturm Liouville problem withsymmetrically
located discontinuities which are defined depending on aparameter in the neighborhood of an
interior point in the interval. Also theproblem contains an eigenparameter in a boundary con-
dition. We investigatesome spectral properties of the eigenvalues, obtain asymptotic formulas
forthe eigenvalues and the corresponding eigenfunctions for the problem, andgive an illustra-
tive example shows how to determine discontinuities fordifferent values of parameter.
This paper was supported by the department of Scientific Research Projects of Hitit University.
Project No: 19008
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10.03.2016 17:00 Balint Farkas Altgebäude (Pockelsstrasse), Raum PK4.4
A Bohl–Bohr–Kadets type theorem characterizing Banach spaces not containing c_0
Balint Farkas (Bergische Universität Wuppertal)
We prove that a separable Banach space E does not contain a copy of the space c0 of null-
sequences if and only if for every doubly power-bounded operator T on E and for every
vector x ∈ E the relative compactness of the sets {T n+mx−T nx : n ∈ N} (for some/all m ∈ N,
m ≥ 1) and {T nx : n ∈ N} are equivalent. With the help of the Jacobs–de Leeuw–Glicksberg
decomposition for strongly compact semigroups the case of (not necessarily invertible) power-
bounded operators is also handled.
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10.03.2016 17:20 Henrik Winkler Altgebäude (Pockelsstrasse), Raum PK4.4
Linear Relations and the Kronecker Canonical Form
Henrik Winkler (TU Ilmenau)
Any finite dimensional linear relation has a direct sum decomposition consisting of a so-
called Jordan relation, a completely singular relation and a multishift relation. In out talk it is
shown how this decomposition is related to the classical Kronecker Canonical Form for Matrix
pencils. The results are based on a common work with Thomas Berger and Carsten Trunk.
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10.03.2016 17:40 Victor Vinnikov Altgebäude (Pockelsstrasse), Raum PK4.4
Square summable trajectories of conservative overdetermined multidimensional in-
put/state/output systems and commutative unitary dilations of multiparameter semi-
groups of contractions
Victor Vinnikov (Ben Gurion University of the Negev)
Unitary dilations of semigroups of contractions played a key role in the spectral analysis of
dissipative and contractive operators since the seminal work of Sz. Nagy in the 1950s. While
the construction of the minimal unitary dilation is very well understood in the classical case
of a one-parameter semigroup of contractions, the higher dimensional case remains elusive.
In this talk I will discuss a new approach to the problem, based on the study of a conserva-
tive overdetermined multidimensional continuous-time input/state/output system embedding
a multiparameter semigroup of contractions. A key role is played by the initial value problem
for the associated systems of compatibility PDEs for the input and output signals.This is a
joint work with Eli Shamovich (The Technion).
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10.03.2016 18:00 Martin Grothaus Altgebäude (Pockelsstrasse), Raum PK4.4
A Hypocoercivity Related Ergodicity Method for Singularly Distorted Non-Symmetric
Diffusions
Martin Grothaus (TU Kaiserslautern)
In this talk we develop a new abstract strategy for proving ergodicity with explicit computable
rate of convergence for diffusions associated with a degenerate Kolmogorov operator L. A
crucial point is that the evolution operator L may have singular and nonsmooth coefficients.
This allows the application of the method to degenerate and singularly perturbated particle
systems arising in Mathematical Physics. As far as we know in such singular cases the re-
laxation to equilibrium can’t be discussed with the help of existing approaches using hypoel-
lipticity, hypocoercivity or stochastic Lyapunov type techniques. The method is formulated
in an L2-Hilbert space setting and is based on an interplay between Functional Analysis and
Stochastics. Moreover, the ergodicity method shows up an interesting analogy with existing
hypocoercivity approaches, e.g. the one from Dolbeault, Mouhot and Schmeiser. At the end,
we discuss an application of the method and prove ergodicity with rate of convergence of the
N-particle Langevin dynamics having singular interaction potentials.
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10.03.2016 18:20 Tug˘ba Yurdakadim Altgebäude (Pockelsstrasse), Raum PK4.4
Korovkin Theory for Unusual Test Functions via Power Series Method
Tug˘ba Yurdakadim (Hitit University)
Korovkin subsets are the subsets of functions satisfying the same property as {1,x,x2} and
have been studied by many authors. In this paper we introduce Korovkin subsets in the sense
of power series method for T and present a characterization theorem that a subset of C0(X) is
Korovkin subset in the sense of power series method for T .
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10.03.2016 08:30 Thomas Sonar Gebäude AudiMax, Raum PK15.1
Der Prioritätsstreit zwischen Leibniz und Newton
Thomas Sonar (TU Braunschweig)
Der Streit um die Priorität der Entdeckung der Differential- und Integralrechnung durch New-
ton und Leibniz ist mit einzigartiger Härte geführt worden. Wir verfolgen den langsamen
Aufbau dieses Streits, an dem Newton und Leibniz zuerst gar nicht beteiligt waren. Erst
Fatio de Duillier und John Keill in England gelang es, Newton gegen Leibniz aufzuhetzen;
auf deutscher Seite bringt dies Johann Bernoulli fertig, der Leibniz von einem Plagiat durch
Newton überzeugen kann. Der Streit hat weit über den Tod der beiden Kombatanten hinaus
gewirkt.
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10.03.2016 13:30 Dietrich Eckardt Gebäude AudiMax, Raum PK15.1
Aerodynamische Wissenschaft und Technik 1925 – 1945: Die Rolle der AVA Göttingen
bei der Entwicklung von Turbo-Strahltriebwerken
Dietrich Eckardt (TU Dresden)
Die erste Anwendung der Prandtlschen Tragflügeltheorie an Turbomaschinen axialer Bauart
wurde in Deutschland ab ca. 1925 an der AVA Göttingen zunächst durch Albert Betz und
Jakob Ackeret, später fokussiert auf Axialverdichter-Aerodynamik durch Walter Encke ver-
folgt. Auf dieser Grundlage startete etwa zeitgleich die Axialverdichter-Entwicklung bei
Brown Boveri (BBC) in Baden, CH. Beide Lager trafen erstmals 1932 in einem Patentstreit
vor dem Deutschen Patentamt aufeinander; Hintergrund dieser Auseinandersetzung waren
Überlegungen, die gross-volumigen Kolbenmotoren von Junkers-Höhenflugzeugen mit Tur-
boladern axialer Bauart leistungsmässig zu steigern. Bei BBC in der Schweiz spielten Luft-
fahrtanwendungen zunächst nur eine Nebenrolle, die Zeit von 1930-1935 wurde jedoch für in-
tensive Grundlagenforschung genutzt. Hauptziel war dort die Realisierung einer Kraftwerks-
Gasturbine, was auch mit dem erfolgreichen Erstlauf einer 4 MW Anlage für das Kraftwerk
Neuenburg, CH am 7. Juli 1939 erreicht wurde – wenige Wochen vor dem Erstflug einer
turbostrahl-getriebenen Heinkel He178 in Rostock-Marienehe am 27. August 1939.
Bei der AVA stagnierten die Axialverdichterarbeiten nach Verzögerungen und letztlich dem
Absturz beider Junkers EF 61 - Flugzeugprototypen Ende 1937. Zu einem radikalen Um-
schwung der Prioritätensetzung kam es ab 1938, als sich Teile des Technischen Amts im RLM
- deutlich vor dem He178 Erstflug mit Turbomaschinen radialer Bauart - verstärkt dafür ein-
setzten, die etablierten Flugmotorenhersteller zum Bau von Turbostrahltriebwerken axialer
Bauart zu verpflichten. Nach Ausbruch des 2. Weltkriegs begannen die Junkers Flugzeug-
und Motorenwerke Dessau (Jumo 004) und BMW Flugmotorenwerke Berlin-Spandau (BMW
003), nachhaltig unterstützt durch das RLM, mit entsprechenden Triebwerks-Entwicklungs-
programmen. Dabei entschieden beide Firmen zur Programmbeschleunigung - wiederum auf
Anregung des RLM - die Auslegungen der AVA - Axialverdichter mit 7- (BMW) bzw. 8-
stufiger Bauweise (Jumo) direkt zu übernehmen.
Aus im Nachhinein schwer nachvollziehbaren Gründen hatte sich in das AVA-Verdichterkon-
zept eine aerodynamisch-konstruktive Eigenheit eingeschlichen, die sich – zunächst kaum
beachtet – bis Kriegsende zu einem gravierenden, nicht mehr korrigierbaren Mangel der
deutschen Strahltriebwerkskonstruktionen auswuchs. Diese Erkenntnis muss sich bis ca. 1941
auch beim RLM durchgesetzt haben: Während man die zeitlich führende Jumo 004-Entwicklung
in einem ‚eingefrorenen‘ Konstruktionsstand beliess, boten sich insbesondere die BMW 003
Varianten für eine Verdichtermodifikation an. Entsprechend beauftragte das RLM BBC Mann-
heim mit der Ausarbeitung von 7-, 8- und 10-stufigen Verdichtervarianten auf Basis eines
gegenüber dem AVA - Entwurf geänderten aerodynamischen Konzepts für leistungsgesteigerte
BMW 003 C/D, deren Komponenten zwar bis Kriegsende noch erfolgreich getestet wurden,
die aber als Gesamttriebwerke nicht mehr zur Serienreife gelangten.
Zusammenfassend erkennt man im Rückblick gewisse Gefahren an der Schnittstelle von aero-
dynamischer Wissenschaft und Technik. Offensichtlich waren die ersten AVA-Höhenlader
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10.03.2016 14:10 Alfred Kluwick Gebäude AudiMax, Raum PK15.1
Shock Discontinuities: from Classical to Nonclassical Shocks
Alfred Kluwick (TU Wien)
Shock Discontinuities: from Classical to Nonclassical Shocks Alfred Kluwick Institute of
Fluid Mechanics and Heat Transfer, TU Vienna , Austria
The possibility of shocks was first suggested by Stokes in 1848 but no consistent theory
emerged for another almost 30 years. Indeed severe criticism by Lord Kelvin and Lord
Rayleigh lead him to finally discard this idea. In the meantime algebraic shock conditions
had been derived by Rankine and Hugoniot and their names have come to be associated with
the shock conditions generally. As Thompson (1972) concludes, “Stokes´s claim to recog-
nition for his discovery has been diverted by circumstance”. Starting with a brief discussion
of these early developments the talk will then concentrate on the important question of how
to select from all formally possible solutions of the Rankine – Hugoniot jump relations those
which are physically realizable solutions. This is at the core of the so-called admissibility
problem. Of course, a necessary condition is provided by the second law of thermodynamics
which states that the entropy must not decrease during adiabatic changes of state. For per-
fect gases this requirement is also a sufficient condition to rule out “impossible” shocks. For
fluids with an arbitrary equation of state and/or situations where in addition to thermoviscous
effects, dispersive effects also come into play this is not the case in general. The selection of
physically admissible solutions, then, is found to be a more delicate matter and may result in
new types of shocks which differ distinctively from their classical counterparts and, therefore,
are termed nonclassical shocks.
Thompson, Philip A.: Compressible – fluid dynamics. McGraw – Hill Book Company (1972)
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10.03.2016 14:50 Peter William Egolf Gebäude AudiMax, Raum PK15.1
A Nonlocal Zero-Equation Turbulence Model and a Deficit-Power Law of the Wall with
a Dynamical Critical Phenomenon
Peter William Egolf (University of Applied Sciences of Western Switzerland)
This presentation starts with brief explanations of nonlinearity and nonlocality in turbulence
modeling by discussions of the occurring phenomena in phase space of dimension 6N, where
N denotes the number of particles (atoms or molecules). If in a system an internal length and
time scale is much smaller than the external characteristic ones, local modeling is assumed
to hold [1]. On the other hand, if these scales become equivalent there are two possibilities
to deal with the complexer problem. The first is the creation of an ’entity’s theory’ involving
the basic entities (in solid atoms or molecules, in a turbulent fluid in analogy (macroscopic)
eddies). The second possibility is to model the interactions of these entities in a macroscopic
manner and to extend the continuum field theory’s description [1], [2] by addition of the re-
sulting nonlocal constitutive equation. In turbulence the eddy diameters constitute the internal
length scales which reach the size of the overall characteristic length of the entire flow domain
being the external scale. Therefore, it becomes evident that a nonlocal ’constitutive equation’
of turbulence, known as closure scheme, yields the most accurate concept to model turbulence
in the context of continuum fluid dynamical field theory.It is shown that Ludwig Prandtl, in
his modeling of turbulent momentum transport, especially with his turbulent shear-layer model
[3], was on a very successful path toward introducing nonlocality, which he could not go to
the end with a full harvesting of results. Because of this, even if today his turbulence mod-
els, especially his mixing-length theory [4], still find many applications in numerous areas of
turbulence research, as e.g. in fluid machinery, air-conditioning, refrigeration, atmospheric
physics, oceanography, astrophysics, etc., the power of simple zero-equation turbulence mod-
els is much underestimated.A newer contribution to the field of zero-equation turbulence mod-
eling is a generalization of Prandtl’s shear layer model, the Difference-Quotient Turbulence
Model (DQTM), first published in 1991 [5]. It can be introduced with a nonlocal integral
presentation as it was proposed by Kraichnan in 1964 [6] and leads to the following closure
scheme (see also [5] and [7])
τ21 =−ρu′2u′1 = ρχ2
db
dx1
(u¯1− u¯1min)
u¯1max− u¯1
x2max− x2
. (1)
This model leads to analytical solutions of elementary turbulent shear flow problems of great
simplicity and beauty (see e.g. Ref.’s [8] and [9]). Furthermore, the turbulent flow along a
plane wall, named ’wall turbulence’ was solved. In the overlap region the mean downstream
velocity profile is a deficit-power law [10]
u+ =
U
u∗
[
1−C 1
(y+)m
]
. (2)
This law fits experimental data of the Princeton super pipe for a wide range of Reynolds
numbers, Re. The exponent m is a function of Re (incomplete universality). Furthermore, the
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10.03.2016 17:00 Katrin Scheel Gebäude AudiMax, Raum PK15.1
Richard Dedekind und Heinrich Weber, oder warum der viel zu frühe Tod von Alfred
Clebsch ein Glücksfall für die Mathematik war
Katrin Scheel (TU Braunschweig)
Als Alfred Clebsch im Jahr 1872 plötzlich und viel zu früh verstarb, hatte er gerade die
vorbereitenden Arbeiten zur Herausgabe der Riemann’schen gesammelten Werke weitgehend
abgeschlossen. Durch seinen Tod aber war die tatsächliche Herausgabe der Werke in Gefahr,
was Richard Dedekind in ein ernsthaftes Dilemma stürzte.
Richard Dedekind war die Veröffentlichung des mathematischen Erbes seines Freundes Bern-
hard Riemann eine Herzensangelegenheit, aber er sah sich sowohl aus fachlichen als auch aus
zeitlichen Gründen außer Stande Clebschs Arbeit weiter zu führen und sich dieser anspruchsvollen
Aufgabe erfolgreich zu stellen.
Alles wendete sich zum Positiven, als Dedekind 1873 in Zürich auf den jungen Heinrich We-
ber traf. Heinrich Weber hatte selbst schon zu Riemann’schen Ergebnissen gearbeitet und er
erklärte sich sofort bereit die Herausgabe der gesammelten Werke zu übernehmen. Allerdings
wohl nicht ohne Bedenken, denn er stellte die Bedingung jederzeit und ohne Einschränkungen
auf die Unterstützung Dedekinds zurückgreifen zu dürfen.
So begann mit der gemeinsamen Arbeit am Erbe Riemanns eine der fruchtbarsten Zusamme-
narbeiten zweier Mathematiker, die es je gegeben hat. Wenn Richard Dedekind und Heinrich
Weber auch sehr unterschiedliche Charaktere waren, so war ihnen doch eine grundlegende
Eigenschaft gleichermaßen zu Teil: eine gelegentlich garadezu ausufernde Gründlichkeit. Sie
beschlossen, die vorbereitenden Arbeiten von Alfred Clebsch nicht fort zu führen, sondern
noch einmal mit der Durchsicht aller vorhandenen Fragmente und Notizen Riemanns zu begin-
nen. Und sie taten dies mit der ihnen eigenen Sorgfalt und Hingabe. Hierdurch vergrößerten
sie nicht nur rein quantitativ die gesammelten Werke Riemanns, sondern sie retteten auch
einige Perlen der Mathematik vor dem Vergessen, Perlen, die auch heute ihre Bedeutung nicht
verloren haben.
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10.03.2016 17:40 Clemens Adelmann Gebäude AudiMax, Raum PK15.1
Robert Fricke - Höhere Mathematik zwischen Klein und Dedekind
Clemens Adelmann (TUBS)
Der Vortrag beschreibt das wissenschaftliche Wirken des Braunschweiger Mathematikers Robert
Fricke (1861-1930). Die Darstellung umfasst Frickes Beiträge zur mathematischen Wis-
senschaft, die im Einfluss von Felix Klein und Richard Dedekind stehen. Daneben werden
Frickes hochschulpolitische Aktivitäten aufgeführt, vor allem in Bezug auf die mathematische
Ausbildung von Ingenieuren und auf die Auseinandersetzung um die Stellung der Mathematik
an technischen Hochschulen in Deutschland um das Jahr 1900.
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10.03.2016 18:20 Peter Ullrich Gebäude AudiMax, Raum PK15.1
The Mathematics behind Jost Bürgi’s Method for Calculating Sine Tables
Peter Ullrich (University Koblenz-Landau)
Jost Bürgi (1552–1632) is well-known as one of the inventors / discoverers of logarithms,who
also set up tables of their values.But it is also documented in the literaturethat he had found
a new methodthat allowed him to calculate highly precise tables of the sine function for
arguments only two seconds of arc apart – and this with only a modest amount of calula-
tions.Bürgi’s manuscript on his method, however, was never published by him and fell into
oblivion for almost four centuries.Menso Folkerts has discovered it only recentlyand it will be
published in the near future [2].In a forthcoming article [1] on this manuscript Menso Folkerts,
Dieter Launert, and Andreas Thom report on the history of trigonometric tables and describe
Bürgi’s method.The proof given there for the correctness of this method, however, relies on
nothing less than the Theorem of Perron-Frobenius on eigenvalues of matrices with positive
entries,which is over three centuries younger than Bürgi’s method.In my contribution I will
discuss how Bürgi may have come to his method by modifying what was known before him
and also what considerations may have convinced him that his method should work.
References
[1] Menso Folkerts, Dieter Launert, Andreas Thom: Jost Bürgi’s Method for Calculating
Sines. arXiv 1510.03180
[2] Dieter Launert: Bürgis Kunstweg im Fundamentum Astronomiae. Entschlüsselung eines
Rätsels.Verlag der Bayerische Akademie der Wissenschaften, München (in print).
1787

08.03.2016 08:30 Nick Bezhanishvili Gebäude AudiMax, Raum PK15.1
Modal dimension in point-set topology
Nick Bezhanishvili (University of Amsterdam)
I will define modal dimension for topological spaces. In particular, a space X has the modal
dimension n if n is the greatest number such that X can be mapped, via a continuous and open
map, onto the n-chain seen as an Alexandroff space. I will discuss the applications of this
concept in obtaining topological completeness results in modal logic. I will also show how
the modal dimension is related to the Krull dimension in ring theory.This talk is based on joint
work with G. Bezhanishvili, J. Lucero-Bryan and J. van Mill.
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08.03.2016 09:10 Philipp Moritz Lücke Gebäude AudiMax, Raum PK15.1
Simple formulas defining complicated sets
Philipp Moritz Lücke (Universität Bonn)
We consider the question whether large cardinal axioms imply that certain complicated sets
cannot be defined by simple formulas. More precisely, we ask whether the existence of larger
large cardinals is compatible with the existence of a well-ordering of the real numbers that is
definable by a Σ1-formula that uses a single ordinal as a parameter.
A classical result of Mansfield shows that the existence of a measurable cardinal implies that
no well-ordering of the reals can be defined by a Σ1-formula that uses a countable ordinal as
a parameter. I want to present results showing that the existence of a well-ordering of the
reals that is definable by a Σ1-formula with parameter ω1 is compatible with the existence of a
Woodin cardinal and incompatible with the existence of a Woodin cardinal with a measurable
cardinal above it. Moreover, a similar result holds for Σ1-formulas using a Ramsey cardinal as
a parameter. Finally, there are analog results for Σ1-definitions of the collection of stationary
subsets of ω1 and so-called Bernstein subsets ofP(ω1).
This is joint work in progress with Ralf Schindler (Münster) and Philipp Schlicht (Bonn/Münster).
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08.03.2016 17:00 Bahareh Afshari Gebäude AudiMax, Raum PK15.1
Advances in modal fixed point logic
Bahareh Afshari (TU Wien)
Modal µ-calculus is the extension of propositional modal logic by constructors for fixed points
of inductive and co-inductive definitions. Semantically, the logic acquires much of the expres-
sive power of second-order logic over graphs. Syntactically, however, the calculus remains
weak as almost all natural questions for this logic (satisfiability, validity, provability, etc) are
decidable. This contrast together with the ubiquity of inductive definitions in formal reasoning
has established modal µ-calculus as an important system in both mathematical logic and the-
oretical computer science. In this talk I will introduce the logic and report on recent progress
made on some open problems.
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08.03.2016 17:40 Wolfgang Wohofsky Gebäude AudiMax, Raum PK15.1
No large sets which can be translated away from every Marczewski null set
Wolfgang Wohofsky (Universität Hamburg)
We present the following (ZFC) theorem which is recent work joint with Joerg Brendle: There
is no set of size continuum which is "s0-shiftable", i.e., which can be translated away from
every set in the Marczewski ideal s0 (where a set of reals is in s0 if for every perfect set there
is a perfect subset disjoint from it). The theorem is very much in contrast to the respective
situation when s0 is replaced by the meager ideal: there are models (e.g., all models that
satisfy CH) with large meager-shiftable sets. (By an old theorem of Galvin, Mycielski, and
Solovay, meager-shiftable is equivalent to strong measure zero: so the above statement is
just saying that under CH, there are uncountable strong measure zero sets, i.e., the Borel
Conjecture fails.)
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08.03.2016 18:00 Merlin Carl Gebäude AudiMax, Raum PK15.1
An Invitation to Infinitary Computability
Merlin Carl (Universität Konstanz)
In the last two decades, a variety of models of computability have been generalized to work in
the transfinite. I will give an overview on these models, some of the main results concerning
them and some reasons why studying them is of interest outside of foundational considera-
tions.
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08.03.2016 18:20 Anton Freund Gebäude AudiMax, Raum PK15.1
Where can we really prove instances of the Paris-Harrington Principle?
Anton Freund (University of Leeds)
Consider the relation
PH(n,N) :≡ for any 8-colouring of its n-element subsets the set {0, . . . ,N−1}
admits a large homogeneous subset with at least n+1 elements.
By the celebrated results of Paris/Harrington (1977) and Ketonen/Solovay (1981) the state-
ment “for all n there is a number N such that PH(n,N) holds" is true but unprovable from the
axioms of Peano Arithmetic. On the other hand, theories much weaker than Peano Arithmetic
can prove the statement “there is an N such that PH(n,N) holds" for any fixed n: It suffices
to guess a sufficiently large number N and to check the finitely many 8-colourings of the n-
element subsets of {0, . . . ,N− 1}. However, this does not seem to be a satisfactory way of
generating proofs: If we were not already convinced that the Paris-Harrington Principle is true
then we would not believe that the search for the required number N terminates. This inspires
the following question:
Consider an infinite sequence T0,T1, . . . of theories. Is there a primitive recursive func-
tion which, given n, computes a proof of the statement ∃NPH(n,N) in the theory Tn?
It is well known that such a primitive recursive function exists for Tn ≡ IΣn−1 (the subtheory
of Peano Arithmetic which restricts induction to Σn−1-formulas). In contrast, we show that
no primitive recursive construction of proofs exists if we take Tn ≡ IΣn−3 (in fact, we are
then very far beyond the realm of primitive recursion). Our proof relies on a subtle interplay
between proof size and the use of induction axioms, which is derived from the notion of “slow
consistency" introduced by S.-D. Friedman, Rathjen and Weiermann (2013).
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08.03.2016 18:40 Philipp Schlicht Gebäude AudiMax, Raum PK15.1
Tree forcing and sharps
Philipp Schlicht (Universität Münster)
We show that Sacks forcing, Mathias forcing and several other tree forcing preserve the exis-
tence of sharps for reals.
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09.03.2016 08:30 Andrew Brooke-Taylor Gebäude AudiMax, Raum PK15.1
Complexity of a knot invariant
Andrew Brooke-Taylor (University of Bristol)
The isomorphism type of the knot quandle introduced by Joyce is a complete invariant of tame
knots. However, whether two quandles are isomorphic is in practice difficult to determine. In
joint work with Sheila Miller, we show that this question is provably hard: isomorphism of
quandles is Borel complete. The class of tame knots, on the other hand, is trivial from the
perspective of Borel reducibility, leaving open the possibility of finding a more manageable
complete invariant for tame knots.
1803

09.03.2016 09:10 Graham Leigh Gebäude AudiMax, Raum PK15.1
Herbrand’s theorem revisited
Graham Leigh (TU Wien)
Herbrand’s 1930 theorem demonstrates how to reduce first-order logic to propositional logic.
In its simplest form it states that if an existential formula ∃xF(x) (with F quantifier-free) is
valid then there exist terms t0, . . . , tk such that F(t0)∨·· ·∨F(tk) is a tautology.
In this talk I will present a novel approach to Herbrand’s theorem based on a recently discov-
ered connection between proof theory and formal language theory. To a proof of a formula
F in first-order logic one can associate a formal grammar that succinctly generates the terms
needed to form a tautology from F . The approach not only captures Herband’s theorem but
also opens the door to tackle a number of questions in proof theory, such as proof equivalence,
proof compression and proof complexity, which will be discussed.
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09.03.2016 14:30 Franz-Viktor Kuhlmann Gebäude AudiMax, Raum PK15.1
Extremal valued fields
Franz-Viktor Kuhlmann (University of Silesia)
In the year 2003 Yuri Ershov gave a talk at a conference in Teheran on his notion of “extremal
valued fields”. He proved that algebraically complete discretely valued fields are extremal.
However, the proof contained a mistake, and it turned out in 2009 through an observation
by Sergej Starchenko that Ershov’s original definition leads to all extremal fields being al-
gebraically closed. In joint work with Salih Durhan (formerly Azgin) and Florian Pop, we
chose a more appropriate definition and then characterized extremal valued fields in several
important cases.
We call a valued field (K,v) extremal if for all natural numbers n and all polynomials f ∈
K[X1, ...,Xn], the set of values
{v( f (a1, ...,an)) | a1, ...,an in the valuation ring}
has a maximum (allowed to be ∞, which appears when f has a zero in the valuation ring).
This is such a natural property of valued fields that it is in fact surprising that it has apparently
not been studied much earlier. It is also an important property because Ershov’s original
statement is true under the revised definition, which implies that in particular all Laurent
Series Fields over finite fields are extremal. As it is a deep open problem whether these fields
have a decidable elementary theory and as we are therefore looking for complete recursive
axiomatizations, it is important to know the elementary properties of them well. The fact
that these fields are extremal could be an important ingredient in the determination of their
structure theory, which in turn is an essential tool in the proof of model theoretic properties.
Tame valued fields and their model theoretic properties (cf. [2]) play a crucial role in the
characterization of extremal fields. A valued field K with algebraic closure Kac is tame if it is
henselian and the ramification field of the extension Kac|K coincides with Kac. Open problems
in the classification of extremal fields have recently led to new insights about elementary
equivalence of tame fields in the mixed characteristic case.
In my talk I will present results from the paper [1], and from the follow-up paper [3], which
was recently completed in joint work with S. Anscombe.
References
[1] Azgin, S. – Kuhlmann, F.-V. – Pop, F.: Characterization of Extremal Valued Fields, Proc.
Amer. Math. Soc. 140 (2012), 1535–1547
[2] Kuhlmann, F.-V.: The algebra and model theory of tame valued fields, to appear in: J. reine
angew. Math.
[3] Anscombe, S. – Kuhlmann, F.-V.: Notes on extremal and tame valued fields, in prepara-
tion
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09.03.2016 14:50 Salma Kuhlmann Gebäude AudiMax, Raum PK15.1
Quasi-Orderings: a uniform approach to orderings and valuations.
Salma Kuhlmann (Universität Konstanz)
In the note "Quasi-Ordered Fields" by S. M. Fakhruddin [JPAA 45 (1987) 207-210] the author
introduces the notion of a quasi-ordered field and shows that such a field is either an ordered
field or a Krull valued field. In this talk we take this approach further to exhibit a theory
of (quasi-order) convex valuations. Classical results on (order) convex valuations such as:
the characterization of order convexity via the residue field, the Theorem of Baer Krull, etc,
can be reformulated for quasi order convex valuations in a natural way. In particular, this
provides an elegant and uniform treatment of lifting of orderings, coarsening and composition
of valuations.
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09.03.2016 15:10 Gabriel Lehéricy Gebäude AudiMax, Raum PK15.1
C-structures and quasi-orders on abelian groups
Gabriel Lehéricy (Universität Konstanz)
Quasi-orders (see [2]) and C-relations (see [1]) can both be used to generalize the notions
of group order and group valuation. The aim of my talk is to present these two approaches
and study the connection between them. In [2] Fakhruddin considered what he called quasi-
ordered fields, which are fields endowed with a quasi-order compatible with the field opera-
tions. He proved that in this case the quasi-order is always either a field valuation or a field
order. Following Fakhruddin’s idea, we would like to consider abelian groups (G,+) endowed
with a quasi-order (q.o) compatible with +. Ordered groups and groups with a valuation are
both examples of such structures, but they are not the only ones. In my talk I will describe
the structure of an abelian group endowed with a q.o compatible with + and show that its
q.o canonically induces a C-structure on G compatible with +. I will also show that every
C-relation on an abelian group canonically induces a q.o on G, and I will describe the general
structure of a C-group through its associated q.o.
References
[1] Françoise Delon : C-minimal structures without the density assumption, InRaf Cluck-
ers, Johannes Nicaise et Julien Sebag, éditeurs : Motivic Integration and its Interactions
with Model Theory and Non-Archimedean Geometry.Cambridge University Press, Berlin,
2011.
[2] Syed M.Fakhruddin,Quasi-ordered fields, Journal of Pure and Applied Algebra 45 (1987)
207-210
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09.03.2016 16:00 Ann-Kristin Engel Gebäude AudiMax, Raum PK15.1
Torsions-freie nilpotente Gruppen der Hirschlänge höchstens 5
Ann-Kristin Engel (TU Braunschweig)
Die Klassifikation der torsion-freien nilpotenten Gruppen ist ein weit offenes Problem mit vie-
len interessanten Aspekten. In diesem Vortrag werden die torsions-freien nilpotenten Grup-
pen der Hirschl"ange h"ochstens 5 betrachtet und es wird gezeigt, wie diese bis auf Isomor-
phie klassifiziert werden k"onnen und wie ihre Automorphismengruppen bestimmt werden
k"onnen. Dazu wird eine Kombination aus gruppentheoretischen und geometrischen Metho-
den verwendet.
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09.03.2016 16:20 Karin Baur Gebäude AudiMax, Raum PK15.1
Dimer models and Grassmannian cluster categories
Karin Baur (University of Graz)
Joint work with A. King (Bath) and R. Marsh (Leeds). A dimer model can be defined as a
quiver embedded into a surface in such a way that the complement is a disjoint union of disks
with oriented boundaries. Such models can also be considered in the case of a surface with
boundary. The Postnikov diagrams used by J. Scott to describe the cluster structure of the
homogeneous coordinate ring of the Grassmannian give rise to dimer models on a disk in this
sense. We associate a natural algebra to such a dimer model. This algebra is a modified version
of the corresponding Jacobian algebra, taking the boundary into account. Taking the sum of
the idempotents corresponding to boundary vertices, we obtain an idempotent subalgebra,
which we call the boundary algebra. We show that it is independent of the choice of dimer
model and coincides with an algebra that B. Jensen, A. King and X. Su have used to model the
cluster structure of the homogeneous coordinate ring of the Grassmannian categorically.
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09.03.2016 17:00 Christoph Schweigert Gebäude AudiMax, Raum PK15.1
Categorical tools for state sum constructions
Christoph Schweigert (Universität Hamburg)
Surface defects in (extended) three-dimensional topological field theories have important ap-
plications, ranging from solid state physics to computations of Brauer-Picard groups of repre-
sentation categories. We present some categorical tools that are needed in such a construction,
including in particular a category-valued trace.
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08.03.2016 08:30 Manuel Bodirsky Rebenring 58, Raum RR58.4
Complexity of Constraint Satisfaction Problems
Manuel Bodirsky (TU Dresden)
Constraint Satisfaction Problems (CPSs) are computational problems that appear in many ar-
eas of theoretical computer science. The complexity of CSPs on finite domains is quite well
understood. For infinite domains, we have to make further assumptions on the constraint
language in order to hope for complete complexity classification results. I will give an intro-
duction to a universal-algebraic approach to complexity classification of CSPs.
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08.03.2016 09:10 Philipp Sprüssel Rebenring 58, Raum RR58.4
The phase transition of graphs embeddable on a surface of positive genus
Philipp Sprüssel (Graz University of Technology), Mihyun Kang (), Michael Moßhammer ()
The study of random planar graphs has been initiated by the pioneering work of McDiarmid,
Steger, and Welsh [3], who studied several properties of a graph drawn uniformly at random
from the class of all planar graphs on n vertices, like connectivity, degrees, and automor-
phisms. They were also the first to show that the number of planar graphs on n vertices has an
exponential growth rate γ , the value of which was later determined by Giménez and Noy [1].
The latter also obtained limit laws for planar graphs with n vertices and m = µn edges for
µ ∈ (1,3).
In view of the classical Erdo˝s-Rényi random graph, the more interesting regime is µ ∼ 12 :
at this edge density, a unique component of linear size—the giant component—appears in a
graph drawn uniformly at random from all graphs with n vertices and m = µn edges, the so-
called phase transition of the Erdo˝s-Rényi random graph. Kang and Łuczak [2] showed that
random planar graphs not only feature an analogous phase transition at µ ∼ 12 , but surpris-
ingly undergo a second phase transition at µ ∼ 1, when the giant component covers nearly all
vertices.
We show that a random graph embeddable on an orientable surface Sg of positive genus g (i.e.
a sphere to which g handles have been attached) undergoes phase transitions similar to those
of planar graphs. We further show other structural properties of random graphs embeddable on
Sg: for instance, the giant component (as soon as it appears) in such a graph is not embeddable
in a surface of lower genus with high probability, while all other components are planar.
References
[1] O. Giménez and M. Noy. Asymptotic enumeration and limit laws of planar graphs. J.
Amer. Math. Soc., 22(2): 309–329, 2009.
[2] M. Kang and T. Łuczak. Two critical periods in the evolution of random graphs. Trans.
Am. Math. Soc., 364(8): 4239–4265, August 2012.
[3] C. McDiarmid, A. Steger, and D.J.A. Welsh. Random planar graphs. J. Comb. Theory
Ser. B, 93(2): 187–205, 2005.
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08.03.2016 17:00 Martina Juhnke-Kubitzke Rebenring 58, Raum RR58.4
An introduction to mixed Ehrhart theory
Martina Juhnke-Kubitzke (Universität Osnabrück)
Given a collection P1, . . . ,Pk of lattice polytopes, we consider the associated mixed Ehrhart
polynomial, which is defined as MEP1,...,Pk(n)=DMV(nP1, . . . ,nPk). Here, DMV(nP1, . . . ,nPk)
denotes the discrete mixed volume of P1, . . . ,Pk, which was introduced by Bihan (2014) in
analogy to the classical mixed volume. We study properties of this polynomial and we give
interpretationsfor some of its coefficients in terms of (discrete) mixed volumes. Bihan (2014)
showedthat the discrete mixed volume is always non-negative. We will provide simplerproofs
for certain special cases. As for the classical Ehrhart polynomial one can define the mixed h∗-
polynomial of P1, . . . ,Pk. Parallelling results for the classical h∗-polynomial, we show that for
high enough dilates rP1, . . . ,rPk the mixed h∗-polynomial is real-rooted and hence the mixed
h∗-vector becomes non-negative. We will end the talk with some open questions. This is joint
work with Christian Haase, Raman Sanyal and Thorsten Theobald.
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08.03.2016 17:40 Marc Pfetsch Rebenring 58, Raum RR58.4
Polytopes Associated With Symmetry Handling
Christopher Hojny (TU Darmstadt), Marc Pfetsch (TU Darmstadt)
In order to handle symmetries in binary programs Friedman investigated inequalities that de-
termine lexicographically maximal points in their orbit. In this talk, we study symretopes as
the convex hull of all these representatives. We investigate their polyhedral properties. Then
we consider the case of a single inequality enforcing lexicographic order. We show that the
optimization problem over the corresponding knapsack polytopes can be solved in quadratic
time. This yields an IP-formulation for general symretopes with ternary coefficients.
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08.03.2016 18:00 Sören Lennart Berg Rebenring 58, Raum RR58.4
Lattice points in centered convex bodies
Sören Lennart Berg (TU Berlin), Martin Henk (TU Berlin)
A convex bodyK is a convex compact set inRd and said to be o-symmetric ifK= {−x : x∈K}.
A well-known theorem by Hermann Minkowski states that if a convex body K is o-symmetric
and contains no point of the integer lattice Zd in its interior except for the origin, then the
number of integral lattice points overall in K is bounded above by 3d , i.e., |K ∩Zd| ≤ 3d . In
this talk we will discuss a generalization of this theorem by considering convex bodies which
are not necessarily o-symmetric yet having their centroid at the origin. For simplices we will
present a best possible bound in particular. A relation to a well-known conjecture by Ehrhart
will also be covered briefly.
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08.03.2016 18:20 Sándor Fekete Rebenring 58, Raum RR58.4
Computing MaxMin Length Triangulations
Sándor Fekete (TU Braunschweig), Michael Hemmer (), Arne Schmidt (), Julian Troegel ()
In 1991, Edelsbrunner and Tan gavean O(n2) algorithm for finding theMinMax Length tri-
angulation of a set of points in the plane,but stated the complexity of finding a MaxMin
Edge Length Triangulation (MELT) as a natural open problem. We resolve this long-standing
problem by showing that computing a MELT is NP-complete. Moreover, we prove that (un-
less P=NP),there is no polynomial-time approximation algorithm that can approximate MELT
within any polynomial factor.
While this may be taken as conclusive evidence from a theoretical point of viewthat the prob-
lem is hopelessly intractable, it still makes sense to consider powerful optimization meth-
ods,such as integer programming (IP), in order to obtain provably optimal solutions for in-
tances of non-trivial size. A straightforward IP based on pairwise disjointness of theΘ(n2)segments
between the n points has Θ(n4) constraints, making this IP hopelessly intractable from a prac-
tical point of view, even for relatively small n.The main algorithm engineering twist of this
paper is to demonstrate how the combination of geometric insights with refined methods of
combinatorial optimization can still help to put together an exact method capable of comput-
ing optimal MELT solutions for planar point sets up to n = 200. Our key idea is to exploit
specific geometric properties in combinationwith more compact IP formulations, such that we
are able to drastically reduce the IPs. On the practical side, we combine two of the most pow-
erful software packagesfor the individual components: CGAL for carrying out the geometric
computations, and CPLEX for solving the IPs.
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08.03.2016 18:40 Christoph Pegel Rebenring 58, Raum RR58.4
Polytopes of Eigensteps of Finite Equal Norm Tight Frames
Christoph Pegel (Universität Bremen)
Hilbert space frames generalize orthonormal bases to allow redundance in representations
of vectors while keeping good reconstruction properties. A frame comes with an associated
frame operator encoding essential properties of the frame. We study a polytope that arises in an
algorithm for constructing all finite frames with given lengths of frame vectors and spectrum
of the frame operator. For equal norm tight frames, we obtain a non-redundant description of
the polytope in terms of equations and inequalities. From this we obtain the dimension and
number of facets of the polytope.
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09.03.2016 08:30 Gennadiy Averkov Rebenring 58, Raum RR58.4
Corner polyhedra, cutting-planes and the unique-lifting property
Gennadiy Averkov (Universität Magdeburg)
Cutting planes are among the basic tools for solving general mixed-integer optimization prob-
lems, whereas many important classes of cutting planes (such as split cuts) can be derived
from the so-called corner polyhedra and defined in terms of lattice-free sets (convex sets with
no interior integer points). In this talk, I would like to discuss cutting planes generated from
lattice-free sets with the unique-lifting property, which have several advantages from the com-
putational viewpoint. The underlying results have been obtained using tools from analysis,
geometric measure theory and discrete geometry.
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09.03.2016 09:10 Kathlén Kohn Rebenring 58, Raum RR58.4
Voronoi Cells of Lattices with Respect to Arbitrary Norms
Johannes Blömer (Paderborn University), Kathlén Kohn (TU Berlin)
Motivated by the deterministic single exponential time algorithm of Micciancio and Voulgaris
for solving the shortest and closest vector problem for the Euclidean norm, we study the ge-
ometry and complexity of Voronoi cells of lattices with respect to arbitrary norms. On the
positive side, we show that for strictly convex and smooth norms the geometry of Voronoi
cells of lattices in any dimension is similar to the Euclidean case, i.e., the Voronoi cells are
defined by the so-called Voronoi-relevant vectors and the facets of a Voronoi cell are in one-
to-one correspondence with these vectors. On the negative side, we show that combinatorially
Voronoi cells for arbitrary strictly convex and smooth norms are much more complicated than
in the Euclidean case. In particular, we construct a family of three-dimensional lattices whose
number of Voronoi-relevant vectors with respect to the `3-norm is unbounded. Since the al-
gorithm of Micciancio and Voulgaris and its run time analysis crucially depend on the fact
that for the Euclidean norm the number of Voronoi-relevant vectors is single exponential in
the lattice dimension, this indicates that the techniques of Micciancio and Voulgaris cannot be
extended to achieve deterministic single exponential time algorithms for lattice problems with
respect to arbitrary `p-norms.
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09.03.2016 14:30 Sebastian Stiller Rebenring 58, Raum RR58.4
Packing a knapsack of unknown capacity
Sebastian Stiller (TU Braunschweig), Yann Disser (), Max Klimm (), Nicole Megow ()
We study the problem of packing a knapsack without knowing its capacity. Whenever we
attempt to pack an item that does not fit, the item is discarded; if the item fits, we have to
include it in the packing. We show that there is always a policy that packs a value within factor
2 of the optimum packing, irrespective of the actual capacity. If all items have unit density,
we achieve a factor equal to the golden ratio. Both factors are shown to be best possible.In
fact, we obtain the above factors using packing policies that are universal in the sense that they
fix a particular order of the items and try to pack the items in this order, independent of the
observations made while packing. We give efficient algorithms computing these policies. On
the other hand, we show that, for any a> 1, the problem of deciding whether a given universal
policy achieves a factor of a is coNP-complete. If a is part of the input, the same problem is
shown to be coNP-complete for items with unit densities. Finally, we show that it is coNP-
hard to decide, for given a, whether a set of items admits a universal policy with factor a, even
if all items have unit densities.This is joint work with Yann Disser, Max Klimm, and Nicole
Megow.
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09.03.2016 14:50 Tomas Bajbar Rebenring 58, Raum RR58.4
On coercive polynomials, Newton polytopes and global polynomial diffeomorphisms.
Tomas Bajbar (Karlsruhe Institute of Technology), Oliver Stein (Karlsruhe Institute of Tech-
nology)
We study the coercivity property, its stability and also some growth properties of multivariate
polynomials f ∈ R[x] by analysing their Newton polytopes at infinity. We also discuss the
relationship between the global diffeomorphism property of polynomial maps F :Rn→Rn and
the nonvanishing determinant of the Jacobian matrix DF by analysing the coercivity property
of the corresponding sum of squares polynomials ‖F‖22.
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09.03.2016 15:10 Thorsten Jörgens Rebenring 58, Raum RR58.4
Imaginary projections of polynomials
Thorsten Jörgens (Universität Frankfurt), Thorsten Theobald (Goethe University Frankfurt),
Timo de Wolff (Texas A&M University)
In the last years, stable polynomials have received considerable attention. Prominently, Mar-
cus, Spielman, and Srivastava employed (univariate) stable polynomials in the proof of the
Kadison-Singer Conjecture [1], and Borcea and Brändén used stable polynomials for the proof
of Johnson’s Conjecture [2].Here, we call a polynomial p = p(z1, . . . ,zn) ∈ C[z1, . . . ,zn] sta-
ble if it has no root z with Im(zi) > 0 for all i.In order to understand the behavior of the
imaginary parts of the zero set of a multivariate polynomial, we consider its structure from
geometric and combinatorial viewpoints. Based on joint work with T. Theobald and T. de
Wolff.References:[1] J. Borcea and P. Brändén. Applications of stable polynomials to mixed
determinants: Johnson’s conjectures, unimodality, and symmetrized Fischer products. Duke
Math. J., 143(2):205–223, 2008.[2] A. Marcus, D.A. Spielman, and N. Srivastava. Interlacing
families II: mixed characteristic polynomials and the Kadison-Singer problem. Ann. Math.
182(1):307–325, 2015.
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09.03.2016 16:00 Georg Loho Rebenring 58, Raum RR58.4
Weighted digraphs and tropical decompositions
Georg Loho (TU Berlin), Michael Joswig (TU Berlin)
The tradition of max-plus linear algebra in optimization and related areas goes back several
decades. Develin and Sturmfels connected max-plus linear algebra under the name of tropical
convexity to geometric combinatorics. We investigate the combinatorics of finite point con-
figurations in the tropical projective space or, dually, of arrangements of finitely many tropical
hyperplanes, in a more general setting. This leads to natural cell decompositions of the tropical
projective space TPd−1min . Our method is to employ a known class of ordinary convex polyhedra
naturally associated with weighted digraphs. We examine their face structure as their combi-
natorics encodes the decompositions of the tropical projective space induced by a finite point
set. This is based on joint work with Michael Joswig.
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09.03.2016 16:20 Benjamin Schröter Rebenring 58, Raum RR58.4
The degree of a tropical basis
Benjamin Schröter (TU Berlin), Michael Joswig (TU Berlin)
In this talk I will present my work with Michael Joswig about the degree of a tropical basis. A
tropical basis is a special generating system of an ideal and the degree is the most important
parameter that measures the complexity of such a basis. The degree of a tropical basis even
implies a bound on the f -vector of the corresponding tropical varity, which is a polyhedral
complex. It implies bounds on the number of polynomials in such a basis and on the number
of steps that a computation of such a basis will take. I will give an explicit upper bound on the
degree, such that for a given ideal a tropical basis exists fulfilling our bound. This bound is
given in terms of the number of indeterminants, the Krull dimension and the minimal degree
of a generating set. These are the parameters that are used for similar results, i.e. the degree
of a reduced Gröbner basis. This goes back to the important contributions of Mayr and Meyer
(1982), Dubé (1990), and Mayr and Ritscher (2010).
I will give a short introduction into the field of tropical geometry via the tropicalization of
ideals and how tropical bases are related to Gröbner bases, the most important generating
systems of an ideal for computational questions about varieties. Our result on the degree of a
tropical basis is derived from the algorithm of Bogart, Jensen, Speyer, Sturmfels and Thomas
that computes a tropical variety via Gröbner bases and saturation. Furthermore I will present
examples that illustrate the difference between these two types of bases. These examples will
raise new questions about the computation of tropical bases and varieties.
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09.03.2016 16:40 Christian Richter Rebenring 58, Raum RR58.4
Representation of ball convex bodies in Minkowski spaces
Thomas Jahn (Technische Universität Chemnitz), Horst Martini (Technische Universität
Chemnitz), Christian Richter (Friedrich-Schiller-Universität Jena)
A convex body in Rn is a bounded non-empty intersection of closed half-spaces. The associ-
ated hull operator ist the closed convex hull. It is well-known that
• K = cl(conv(exp(K))) for convex bodies K,
• cl(conv(S)) = cl
(⋃
F⊆S finite conv(F)
)
for arbitrary S⊆ Rn,
•
⋃∞
i=1Ki is convex for every sequence K1 ⊆ K2 ⊆ . . . of convex bodies.
As an analogue, a ball convex body in a normed space (Rn,‖ · ‖) is a bounded non-empty
intersection of closed balls of unit radius. We discuss if and how far the above classical
statements remain true in the context of ball convexity.
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09.03.2016 17:00 Peter Boyvalenkov Rebenring 58, Raum RR58.4
Universal optimality of some antipodal spherical codes
Peter Boyvalenkov (Institute of Mathematics and Informatics), Peter Dragnev (Indiana-
Purdue University), Douglas Hardin (Vanderbilt University), Edward Saff (Vanderbilt Uni-
versity), Maya Stoyanova (Sofia University)
Let Sn−1 be the unit sphere in Rn. Denote by A = {C ⊂ Sn−1 : C = −C} the set of antipodal
spherical codes on Sn−1. For any function h(t) : [−1,1]→ [0,+∞], the potential energy (or h-
energy) h-energy of a code C is defined by E(C;h) :=∑x,y∈C,x 6=y h(〈x,y〉), where 〈x,y〉 denotes
the inner product of x and y. The function h is said to be k-absolute monotone if h(i)(t)≥ 0 for
every 0≤ i≤ k. A code C ∈ A of cardinality M = |C| is said to be A(k)-universally optimal if
it has minimum possible h-energy among all codes from A of the same cardinality M and for
every function h in the class of all k-absolute monotone functions.
In this work we provide a general linear programming bound on energy of antipodal codes
and exhibit certain antipodal codes that are A(k)-universally optimal for k = 2.
Theorem 1. Let n and M be positive integers, s ∈ (0,1) and let h : [−1,1]→ [0,+∞]. Suppose
I = [−s,s], s ∈ (0,1) and f (t) = ∑deg( f )i=0 fiP(n)i (t) is a real polynomial such that
(A1) f (t)≤ h(t) for t ∈ I, and
(A2) the coefficients in the expansion of f (t) in terms of Gegenbauer polynomials f (t) =
∑deg( f )i=0 fiG
(n)
i (t) satisfy fi ≥ 0 for every even i.
If C ∈ A(n) of |C|= M points has all its inner products in I∪{−1}, then
E(n,C;h)≥M( f0M− f (1)− f (−1)+h(−1)).
Using Theorem 1 we prove that some codes are A(2)-universally optimal, among them (dimen-
sion, cardinality, maximal inner product)= (3,8,1/2), (5,20,1/3), (6,32,1/3), (4,24,1/2),
(6,72,1/2), (7,126,1/2) and (22,2816,1/3).
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09.03.2016 17:20 Berke Topacogullari Rebenring 58, Raum RR58.4
On some variations of the additive divisor problem
Berke Topacogullari (Universität Göttingen)
The binary additive divisor problem is a classical problem in analytic number theory and has
a rich history. Here we want to present some recent results which concern variations of this
problem.
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09.03.2016 16:00 Martin Hanke-Bourgeois Altgebäude (Schleinitzstrasse), Raum SN19.2
Frechet derivatives of molecular distribution functions in statistical mechanics
Martin Hanke-Bourgeois (Mainz)
For a grand canonical ensemble of classical particles at equilibrium in continuous space we
investigate the functional relationship between a given pair potential that determines the in-
teraction of the particles and the molecular distribution functions. For certain admissible per-
turbations of the pair potential and sufficiently small activity we rigorously establish Frechet
differentiability with respect to the supremum norm in the image space, and provide explicit
formulae for the derivative (integral) operator in the thermodynamical limit.
We also prove that the Ursell function (or pair correlation function) has a Frechet derivative in
the space of integrable functions.
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09.03.2016 16:20 Feliks Nüske Altgebäude (Schleinitzstrasse), Raum SN19.2
Variational Tensor Approach to the Rare-Event Kinetics of Macromolecular Systems
Feliks Nüske (Freie Universität Berlin), Reinhold Schneider (Technische Universität Berlin),
Francesca Vitalini (Freie Universität Berlin), Frank Noé (Freie Universität Berlin)
In this talk, I will present an application of tensor product approximations to the analysis of
data generated by molecular dynamics (MD) simulations [1]. Biological macromolecules,
such as proteins, typically possess a number of very long-lived geometric structures, called
metastable conformations. The system usually remains in these conformations for long times
and only rarely transitions in between them. The determination of these structures is a major
goal in biochemistry, as they are often directly related to biological function or malfunction
of the molecule. It is known that metastable conformations can be detected using the dom-
inant eigenvalues and eigenfunctions of the underlying dynamical operator, which is called
the transfer operator. One can first apply MD to produce long time series of the molecule
which hopefully explore all relevant conformations, and subsequently make use of this data
to compute an approximation of the dominant eigenvalues and eigenfunctions. Markov State
Models (MSMs) have become the standard approach to this problem and have been applied
with great success in recent years. MSMs approximate the eigenfunctions from a basis of
indicator functions of specific subsets which partition the state space. It turns out that MSMs
are a special case of a variational formulation that allows to approximate the dominant eigen-
functions from an arbitrary basis set [2, 3]. It would be desirable to use basis functions de-
pending on intramolecular coordinates such as atomic distances or dihedral angles. In contrast
to most MSM constructions, such a basis would allow for some physical interpretation of the
results, like the formation or breaking of contacts in the molecule. However, rare transitions
in biological molecules usually involve multiple coordinates at once. This calls for the use
of basis functions which are tensor products of one-coordinate basis functions, making the
basis prohibitively large unless low-rank tensor product approximations are used. We have
used the tensor-train (TT) format and the related learning algorithm ALS to compute such a
low-rank approximation of the dominant eigenfunctions. I will explain the necessary modifi-
cations made to ALS due to the problem setting, and I will also explain how the results can be
interpreted. The successful application to two benchmark systems concludes the study.
References
[1] F. Nüske and R. Schneider and F. Vitalini and F. Noé, Variational Tensor Approach to
Approximating the Rare-Event Kinetics of Macromolecular Systems, Journal of Chem-
ical Physics, (submitted), 2015
[2] F. Noé and F. Nüske, A Variational Approach to Modeling Slow Processes in Stochastic
Dynamical Systems, SIAM Multiscale Modeling and Simulation, 11, 2013
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09.03.2016 16:40 Thorsten Raasch Altgebäude (Schleinitzstrasse), Raum SN19.2
Numerical reduction of self-consistent field models of macromolecular systems
Thorsten Raasch (Universität Mainz)
We are concerned with the numerical simulation of soft matter systems by molecular field
models, treating the material at a continuum level but retaining some explicit information on
the molecular structure via molecular field quantities. Prominent instances of such models
are self-consistent field (SCF) theories which emerge from a density functional approxima-
tion for large non-compact molecules. Within the numerical simulation of SCF models for
polymer melts, e.g., one has to compute saddle points of a free energy functional. The asso-
ciated stationarity conditions can be formulated as a coupled integro-differential system for
the unknown molecular fields and certain chain propagators. Traditionally, these coupled sys-
tems are solved by iterative schemes of Newton or quasi-Newton type. Each iteration poses
a set of reaction-diffusion equations for the chain propagators. In this talk, we report on the
acceleration of such simulations by numerical model reduction techniques, in particular by
reduced basis approximations of the SCF equations in a suitable space-time variational for-
mulation. The good approximation properties of the reduced order models are related with the
fact that the unknown molecular fields usually have fast-decaying series expansions in Fourier
or Chebyshev systems.
The talk is based on joint work with Alexej Disterhoft and Friederike Schmid (University of
Mainz).
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09.03.2016 17:00 Joachim Kerner Altgebäude (Schleinitzstrasse), Raum SN19.2
Two singularly interacting particles on the half-line
Joachim Kerner (FernUniversität in Hagen), Tobias Mühlenbruch (FernUniversität in Ha-
gen)
On general compact quantum graphs, many-particle models with singular two-particle interac-
tions have been introduced recently to provide a model for the investigation of many-particle
quantum chaos. On the other hand, many-particle models with singular interactions such as
the well-known Lieb-Liniger model have become an important tool for a more detailed under-
standing of interacting many-particle systems. In this talk we discuss a system of two particles
in the simplest non-compact setting, i.e., the positive half-line. Furthermore, the two-particle
interaction is of a singular type in the sense that the two particles are interacting only in the
vicinity of the origin. We perform a spectral analysis of this system, characterizing the essen-
tial spectrum and estimating the number of eigenstates below that. In addition, we estimate
the ground state energy and discuss the asymptotics of the ground state.
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10.03.2016 08:30 Sergey Morozov Rebenring 58, Raum RR58.4
On the eigenvalues of perturbed positively projected Dirac-Coulomb operator in two
dimensions
Sergey Morozov (LMU München), David Müller (LMU München)
The massless Dirac operator D acting on spinor-valued functions in the two dimensional plane
naturally occurs in the description of the electronic structure of graphene. In the presence
of an attractive Coulomb impurity of strength ν the quantum Hamiltonian becomes Dν :=
D−ν/r, where r is the distance to the centre of the impurity. For ν ∈ [0,1/2] Dν possesses a
distinguished self-adjoint realisation.
If the Fermi level is put at the zero energy then the state space is restricted to the positive
spectral subspace of Dν . We denote the projection to this subspace by Pν+.
In the talk I would like to address the nature of the bottom of the spectrum of such projected
operator. Considering perturbations by Hermitian matrix-valued functions V , we will study
negative eigenvalues of Pν+(D
ν −V )Pν+. We will estimate their number (proving, in particular,
a Cwickel-Lieb-Rozenblum-type bound) and establish a Lieb-Thirring-type estimate.
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10.03.2016 09:10 Marcel Griesemer Rebenring 58, Raum RR58.4
On the dynamics of Froehlich Polarons
Marcel Griesemer (Universität Stuttgart)
The polaron model of H. Fröhlich describes an electron coupled to the quantized longitudinal
optical modes of a polar crystal. In the strong coupling limit one expects that the phonon
modes may be treated classically, which leads to a coupled Schrödinger-Poisson system with
memory. For the effective dynamics of the electron this amounts to a non-linear and non-
local Schrödinger equation. We describe a general principle that connects these effective
equations to the Fröhlich Hamiltonian and we present a new result on the accuracy of some of
its solutions for describing the motion of Fröhlich polarons in the strong coupling limit.
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10.03.2016 09:50 Hans Konrad Knörr Rebenring 58, Raum RR58.4
On Anderson’s orthogonality catastrophe and the finite size energy in Fermi gases
Hans Konrad Knörr (FernUniversität in Hagen), Peter Otte (FernUniversität in Hagen),
Wolfgang Spitzer (FernUniversität in Hagen)
Anderson’s orthogonality catastrophe (AOC) is a phenomenon appearing in perturbed Fermi
gases. P. W. Anderson in 1967 found that the ground state of a free Fermi gas in the thermody-
namic limit is orthogonal to the ground state of the system with an external potential. He gave
the leading asymptotics of the overlap of the two ground states which is of order N−γ . Here N
is the particle number and γ a constant which depends on scattering parameters of the poten-
tial. 30 years later I. Affleck stated that the exponent γ in AOC, up to multiples of pi , is equal
to the finite size energy (FSE), the coefficient of the 1/N-term of the asymptotic expansion of
the difference of the ground state energies of the free and the perturbed system. However, a
mathematically rigorous study of AOC and FSE has not been carried out until recently, where
Anderson’s asymptotic expansion has been verified for certain systems by groups in München
and Hagen. In this talk we will present some new mathematical results on AOC and the energy
difference.
1865

10.03.2016 13:30 Marcello Porta Rebenring 58, Raum RR58.4
Integer quantum Hall effect for weakly interacting systems
Marcello Porta (University of Zuerich), Alessandro Giuliani (University of Roma 3), Vieri
Mastropietro (University of Milano)
In this talk I will discuss the charge transport properties of weakly interacting gapped fermionic
systems on 2d lattices. I will focus on the conductivity matrix, defined according to Kubo
formula, which describes the transport properties of the system in the linear response approx-
imation. I will present a theorem which states that the conductivity matrix does not depend
on weak many-body interactions. As a consequence, the longitudinal conductivity is zero,
while the transverse one is quantized. The proof is based on the construction of the interact-
ing Gibbs state via fermionic cluster expansion techniques, and on a rigorous version of the
so-called “Wick rotation” for the conductivity matrix. Then, universality follows from the
implementation of Ward identities in the convergent expansion for the euclidean conductivity
matrix. This is joint work with A. Giuliani and V. Mastropietro.
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10.03.2016 14:10 Li Chen Rebenring 58, Raum RR58.4
Hardy-Littlewood-Sobolev inequality and degenerate Keller-Segel system
Li Chen (Universität Mannheim)
This talk is devoted to the discussion on the existence and blow up of the solutions to the
parabolic elliptic type Patlak-Keller-Segel system on the whole space case. The problem in
two dimension is closely related to the Logarithmic Hardy-Littlewood-Sobolev inequality,
which directly introduced the critical mass 8pi . While in the higher dimension case, it is
related to the Hardy-Littlewood-Sobolev inequality. Therefore, a porous media type nonlinear
diffusion has been introduced in order to balance the aggregation. We will review the critical
exponents which were introduced in the literature, namely, the exponent m = 2− 2/n which
comes from the scaling invariance of the mass, and the exponent m= 2n/(n+2) which comes
from the conformal invariance of the entropy. Finally a new result on the model with a general
potential, inspired from the Hardy-Littlewood-Sobolev inequality, will be given.
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10.03.2016 14:50 Sabine Jansen Rebenring 58, Raum RR58.4
Cluster expansions and multi-species virial expansions
Sabine Jansen (Ruhr-Universitaet Bochum)
The virial expansion for a simple gas expresses corrections to the ideal gas law for the pressure
as a power series in a single variable, the density. The present talk deals the virial expansion for
mixtures of countably many different types of particles. The main tool is the Lagrange-Good
inversion formula, which has other applications such as counting coloured trees or studying
probability generating functions in multi-type branching processes; a novel proof inspired by
quantum field theory has been given by Abdesselam (2003). We prove that the virial expansion
converges absolutely in a domain of small densities. In addition, we establish that for rigid
particles with no internal degrees of freedom the virial coefficients can be expressed in terms
of two-connected graphs.
The talk is based on joint work with Stephen J. Tate, Dimitrios Tsagkarogiannis and Daniel
Ueltschi (Comm. Math. Phys., 2014).
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10.03.2016 17:00 Margherita Disertori Rebenring 58, Raum RR58.4
History dependent stochastic processes and nonlinear sigma models.
Margherita Disertori (University of Bonn & Hausdorff Center for Mathemactics)
In the framework of probability theory, self-learning behavior is modeled by history dependent
stochastic processes. Two examples are edge reinforced random walk (ERRW) and vertex
reinforced jump processes (VRJP). In both cases a particle performing a random walk on
some graph has memory, and prefers to come back more often on sites it has already visited
in the past (the walk is attractive). For a particular scheme of reinforcement these processes
are random walks in a random environment. In the last years a surprising relation was found
between the probability law of the random environment (mixing measure) and a nonlinear
sigma model introduced in the context of random matrix models for quantum diffusion. This
relation allows to use techniques from theoretical physics to prove a phase transition between
transient and recurrent behavior in d ≥ 3. This is joint work with T. Spencer and M. Zirnbauer
(CMP 2010), C. Sabot and P. Tarrès (CMP 2015).
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10.03.2016 17:40 Martin Könenberg Rebenring 58, Raum RR58.4
Return to equilibrium of the spin boson model for arbitray coupling strength
Martin Könenberg (Universität Stuttgart), Marco Merkli (Memorial University of Newfound-
land), Haifeng Song ()
In this talk we study a small quantum mechanical system in contact with a reservoir. The
asymptotic behavior for large times, the decay of excited states and the connection with the
Markovian master equation are discussed. This is a joint work with M. Merkli.
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10.03.2016 18:00 Christian Krumnow Rebenring 58, Raum RR58.4
Fermionic orbital optimisation in tensor network states
Christian Krumnow (Freie Universität Berlin), Örs Legeza (Hungarian Academy of Sci-
ences), Jens Eisert (Freie Universität Berlin)
Capturing the quantum mechanical description of a system of electrons accurately is a highly
relevant but challenging task of modern theoretical physics. The physics of such systems
ranges from the creation of magnetic fields in the context of condensed matter physics to the
chemical bonding of molecules studied in quantum chemistry.
Within the past two decades a new set of methods were developed which allow for very effi-
cient simulation of a large class of one-dimensional quantum systems and provide a powerful
tool in the context of mathematical physics — the tensor-network methods. Their most promi-
nent examples for practical application is the density matrix renormalization group algorithm
which approximates the states of a quantum system by a matrix product state, also known as
tensor train in the mathematical community.
Especially the simulation of the electron-configuration of molecules in the context of quantum
chemistry constitutes a difficult problems due to the long-range character of the coulomb inter-
action and strong correlations.In the presence of strong correlations, calculating ground states
using traditional ab-initio methods from quantum chemistry, such as Hartree-Fock, configu-
ration interaction, and coupled cluster, becomes infeasible in many instances.In these cases
tensor-network methods provide a new way forward. The long-range nature of the interaction
of such systems, however, renders their straightforward numerical simulation using tensor-
network methods difficult and implies new questions concerning the optimal topology and
basis used to construct the tensor-network. By combining tensor-networks states (TNS) and
suited Gaussian transformations we introduce a scheme which allows to optimise both, the
tensor network and its basis using local updates.The resulting method provides a heuristic
black box tool which optimises the basis of a general long-range interacting system for ap-
proximating the ground state by a TNS as efficient as possible.
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